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SUMMARY

Subsonic span loads and the resulting stability derivatives have
been calculated for a systematic series of vertical- and horizontal-tail
combinations in sideslip and in steady roll in order to provide informa-
tion embracing a wide range of probable tail configurations. All cal-
culations were made by application of the discrete-horseshoe-vortex method
to the problem of estimating loads on intersecting surfaces. The inves-
tigation covered variations in vertical-tail aspect ratio, the ratio of
horizontal-tall aspect ratio to vertical-teil aspect ratio, the effects
of horizontal-tail dihedral angle (for the sideslip case), and the effects
of vertlcal position of the horizontal-tail for surfaces having their
quarter-chord lines swept back 0° and 45°. The results of the investiga-
tion are presented in charts from which the span loads for the various
conditions can be obtained. The resulting stability derivatives are pre-
sented as vertical- and horizontel-tail contributions as well as total-
tall-assembly derivatives.

The results of this investigation, which was made for a wider range
of geometric varlebles than previous studies, showed trends which were
in general agreement with the results of previous investigations. Also
presented in this paper and used in the computations is an extensive table
of values of sidewash due to a rectangular vortex.

INTRODUCTION

Accurate information regarding tail loads and the spanwise distribu-

- tion of these loads during various maneuvers is required by the aircraft
designer as a basis for structural design and for providing estimates of
the tail contribution to aerodynamic derivatives. Some information on
tail loads is available in references 1 to 4, for exemple. Reference 1

is a rather complete theoretical study of span load distributions of
unswept-tail configurations in sideslip in which the effects of horizontal-
tail span, vertical posltion, and geometric dihedral are considered. The
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study, however, is based on the assumption of minimum induced drag which
leads to an excessive end-plate effect of the horizontal tail for the
range of tail size usually considered (see ref. 2). The theoretical
analysis of reference 2 for tails in sideslip is based on lifting line
theory and deals only with tail configurations having semielliptical
vertical tails and elliptical horizontal tails with equal and coincldent
root chords. References 3 and 4 present some experimental data on total
loads for unswept tails in sideslip. The variety of tail configurations
currently in use, however, has accentuated the need for information
embracing a greater range of probable configurations. The present inves-
tigation was made to help fulfill this need. Span loads were calculated
by a method generally referred to as the discrete-horseshoe-vortex (or
finite-step) method. This method has been used extensively in estimating
wing loadings (see ref. 5, for example); however, some calculations made
in conjunction with the investigation of reference 4 indicated its appli-
cability to the calculation of loads on intersecting surfaces (tall sur-
faces) in sideslip. Since the basic method is explained in detail in
reference 5, only the pertinent details are included herein (see appen-
dix A). The discrete-horseshoe-vortex method was used in the present
investigation to obtain subsonic spanwise load distributions and resulting
aerodynamic derivatives for a systematic series of tail configurations
in sideslip and in steady roll. Also, the additional span loadings due
to the dihedral angle of the horizontal-tail surfaces were determined for
the sideslip case. Calculations were made for surfaces having unswept
and 45° sweptback quarter-chord lines and a taper ratio of 0.5. The
geometric varlables covered in this investigation included vertical-tail
aspect ratio, ratio of horizontal-tail aspect ratio to vertical-tail
aspect ratio, and vertical location of the horizontal taill.

The contribution of Mr. M. J. Queijo to the present paper was sub-
mitted to the University of Virginia in partial fulfillment of the
requirements for a degree of master of science.

SYMBOLS

The results presented herein are referred to the stability system
of axes with the origin at the quarter chord of the vertical-tail root
chord (see fig. 1).

A aspect ratio, b2/S
b span, ft
S area, sq ft

c local chord, ft
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XyY»2

x',y',2'

f(x')y';Z')

F(x',y')

F(x':Y’:Z')

Cy

average geometric chord, ft
semispan of rectangular horseshoe vortex, ft

circulation strength, sq ft/sec

rate of roll, radians/sec

sidewash velocity relative to stability axes, ft/sec
sidewash velocity relstive to horseshoe vortex, ft/sec
downwash velocity, ft/sec

free-stream velocity, £t/sec

component of free-stream velocity normal to surface at
control point, ft/sec

angle of sweep of quarter-chord line, deg
sldeslip angle, radians
dihedral angle of horizontal tail, radians
coordinate distances relative to stability system of axes
nondimensional coordinate dlstances relative to axes
located at center of each bound vortex so that x°*
and y' are always in plane of horseshoe vortex
(made nondimensional by dividing distances in feet
by horseshoe-vortex semispan)
number of horseshoe vortices representing configuration
mass density of air, slugs/cu ft
general form for elther downwaesh or sidewash veloclty at
any point (x',y',z') caused by rectangular horseshoe
vortex of unit semispan and circulation strength of lLx
downwash veloclty of f(x',y',z'")
sidewash velocity of f(x',y',z')

lateral-force coefficient, Latiral force
5PV Sy

rolling-moment coefficient, ROliinS moment
S6VeS by
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Iift on right horizontal-tail semispan

1ift coefficient, T >
épV Sy

Section 1ift

section 1ift coefficient, 7
Epvgc
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Subscripts:

n general symbol which when replaced by number refers to
partlcular horseshoe vortex

h horizontal tail

v vertical tail

ce
Subscripts used in the span load coefficlents, such as ( 1) s
) v

signify that c¢; and the chords ¢ and € are based on vertical-tail
geometry.

PRELIMINARY REMARKS

The finite-step method used bherelin is an adaptation of the method
which has been applied to computation of wing loads (ref. 5, for example),
and only the essentials of the method with emphssis on the application
to intersecting surfaces are presented herein. (See appendix A.)

For all the tall configurations considered herein, the vertical tail
1s represented by six and the horizontel tail by 12 equispan horseshoe
vortices (see fig. 2), a representation which results in values of 1lift-
curve slope approximately 10 percent greater than the values predicted
by the Weilssinger theory (see ref. 6). Use of fewer vortices would
result in values much greater than could be expected experimentally.

Use of more vortices would improve the accuracy, but any significant
improvement could be obtained only by greatly lncreased computational
time, which was not felt to be justified. It should be noted that in
performing the calculations adjacent horseshoe vortices are assumed to
have no gap between them so that the trailing vortices between adjacent
horseshoes are coincident.

Fach tall combination (horizontal plus vertical tail) is represented
by a total of 18 horseshoe vortices, which results in a set of 18 simul-
taneous equations with 18 unknown vortex strengths. Since rolling and
sideslip loads on the horizontal-tail semispans are antisymmetric (equal
but of opposite sign on each side), the number of equations to be solved
was reduced to 12. All solutions of simultaneous equations required in
the present investigation were obtained by use of relay-type computers.

All calculations performed herein were made for a two-dimensionsal
lift-curve slope of 2x and do not take Mach number effects into account.
Methods of accounting for Mach number effects and for variations of the
section lift-curve slope from 2x are discussed in reference 5. The

e e ————— \
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angles B, T, and pby[/V are assumed to be sufficiently small so that
the sine of the angle can be replaced by the angle in radians and the
cosine of the angle can be replaced by 1.0. It is further assumed that
vertical displacements of the vortices of the horizontal tail due to
dihedral angle can be neglected.

SCOPE

Calculations were made for a systematic series of vertical.- and
horizontal -tail combinations in sideslip and in steady roll. For these
two conditions, three basic span loadings were obtained, two resulting
from the sideslip condition and one from the steady-roll condition.

The three cases consldered are:

(1) Loads resulting from sideslipping tail combinations having
horizontal talls with zero dihedral

(2) Loads resulting from sideslipping horizontal tails having
dihedral, but with the vertical taill at zero sideslip

(3) Loads resulting from rolling of the tail combinations about an
axis coinciding with the root chord of the vertical tail.

The loads celculated for case (2) should be considered as additional
loads due to the horizontal-tail dihedral angle. It is assumed that,
for the small angles considered herein, the total load in sideslip on
any tall combination having dihedral can be obtained by the proper
addition of the loads obtained from case (1) and case (2). In all three
cases the additional restriction that the horizontal surface remain at
zero geometric angle of attack was imposed.

Span loads and the resulting force and moment derivatives are pre-
sented for unswept and 45° sweptback tail combinations consisting of
horizontal and vertical surfaces of 0.5 taper ratio. Calculations were
made for vertical talls having aspect ratios of 1, 2, and 3. Corre-
sponding to each vertical-tail aspect ratio, horizontal tails having
aspect ratios 1, 2, and 3 times the vertical-tail aspect ratio were con-
sidered at three vertical locations - at the base, at the mid position,
and at the top of the vertical tail. ZFor each configuration the
vertical- and horizontal-tail root chords were assumed equal so that at
‘the base or low position the root chords of the vertical and horizontal
talls coincided. At the mid and high positions, the tall surfaces were
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always arranged so that the quarter chord of the horizontal-tall root
chord intersected the vertical-tail quarter-chord line. Specifying equal
root chords for a given vertical-tall aspect ratio essentially means that
variations in horizontal-tall aspect ratio are the result of changes in
horizontal-tail span. The range of vertical- and horizontal-tail aspect
ratios covered in this investigation is shown in figure 3.

PRESENTATION OF RESULTS

The results of the investigation are presented in three main groups.
The first group contains span loads, the second contains stability deriva-
tives, and the third contains force derivatives associated with the
horizontal-tall loads. In order to facilitate location of information
for e particular condition, the following hreakdown of figures is given:

- Figure
Span loads: )
“Spen loads resulting from sideslip for ' =0 . . . . . . . 4 and 5
Span loads resulting from sideslip for ' #0 . ... ... 61t0o9
Span loads resulting from roll for I''=0 . .. . .. . . . 10 to 13

Stability derivatives:
Derivatives resulting from sideslip for T
Derivatives resulting from sideslip for T
Derivatives resulting from roll for T =0

0. ¢ oo e..ltton
. . 22 to 31
e e e e s o . . D2 t0 39

L |
(@]

Horlzontal-tail force derivatives:
Derivatives resulting from sideslip for T
Derivatives resulting from sideslip for T
Derivatives resulting from roll for I' =0

O..e+... 4oanal
O.. ... . 42 andlh3
e e e e e o . Whoand b5

[ |

In all span-~load figures, negative values of the vertical-tail load
coefficient indicate & negative lateral force. The horizontal~tail load
coefficients are for the right (positive) tail semispan facing into the
wind, and positive values signify 1ift loads. Loads on the left semispan
of the horizontal tail are equal in magnitude but opposite in sign to the
loads on the right semispan for the corresponding spanwise station.

In order to provide an indication of the relative magnitudes of the
vertical- and horizontal-tail contributions to the total derivative for
a given tail configurstion, all the derivatives are based on the geometry
(area and span) of the vertical tail.




8 ; NACA TN 3245

RESULTS AND DISCUSSION

Span Loads

Sideslip (I = 0).- The span loads due to sideslip of unswept tail
combinations having horizontal talls of zero geometric dihedral are pre-
sented in figure 4. A large influence on the load distribution of the
vertical tail is gpparent for each of the three vertical-tail aspect
ratios considered when the horizontal tail is located at either extrem-
ity of the vertical tail. This influence is usually referred to as end-
plate effect. For these two positions, changes in horlzontal-taill aspect
ratio (or span), as indicated by variations in the ratio Ah/Av to

values greater than 1.0, do not appear to alter the general shape of the
load distribution but merely provide changes in the magnitude of the end-
plate effect. For the taill combinations considered, it appears that a
rather large percentage of the maximum possible end-plate effect can be
obtained by a relatively small horizontal tail.

The horizontal taills located at the middle of the vertical tail had
no sppreciable effect on the vertical-tail span load.

The span loads induced on the horizontal tails are also presented
in figure 4 and the results indicate that rather large magnitudes can be
obtalned by locating the horizental tails at either extremity of the ver-
tical tail. Of particular interest is the direction of the loads for
these two horizontal-tall positions. For the high position the induced
load results in a positive 1lift force whereas for the low or base posi-
tion negative 1lift forces are obtained. The results presented in fig-
ure 4 are only for the right semispan of the horizontal tail and, as indi-
cated previously, the loads on the left semispan are equal in magnitude
but opposite in sign. Consequently, there results, for the complete tail
configuration, a zero 1lift force. The loadings do, however, produce a
shear load and a twisting or rolling moment about the root chord of the
horizontal tall and abaut the stability roll axis located at the base
of the vertical tail that could be of importance both structurally and
from a stability viewpoint. For horizontal tails located at the mid
position, the loads indicated for all three values of A, can be traced

directly to the effect of vertical-tail tgper ratio.

Presented in figure 5 are corresponding tail configurations with all
surfaces swept back 45°, In general, the results are similar to those
for the unswept tail assemblies; however, a comparison of figures 4 and 5
shows that sweep does reduce the magnitude of the span load coefficients
slightly and also reduces the effect of the ratio Ah/Av on both the

vertical- and horizontal-tail load distribution. For the sweptback tail
configurations the load on the horizontal tail when at the mid position is
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almost nonexistant for all three values of A, considered. In addition,
for the larger vertical-tall aspect ratio considered (Av = 3.0}, sweep

appears to reverse the usual span effect on the vertical-tail load dis-
tribution in the region near the horizontal tail for the high and low
horizontal-~tail locations.

Sideslip of horilzontal tail with dihedral.- As pointed out pre-
viously, these loads were calculated for the conditlion where a horizontal
tall heving dlhedral was in sideslip while the vertical tail remained
alined with the relative wind. Such a conditlon permits an evaluation
of the additional load due to horizontal-tail dihedral angle. Results
of calculation of the additional span load distribution on the vertical
and horizontal surfaces of unswept tall configurations resulting from
sideslip of the horizontal tall with dihedral are presented in figure 6.
The induced loadingeon the vertical tall is such that the direction of
the load is opposite for high and low horizontal-tall configurations. A
similar condition exists for the horizontal tail in the mlid position where
the vertical-tall loads above and below the horizontal tail also have
opposlite signs. The magnitude of the induced loads on the vertical tall
depends rather strongly on the horizontal-tall aspect ratio or span and
indicates an-increase in load for an increase in Aj.

The span load distributions on the horizontal tail and the effect
of the ratio A.h/Av on these loads are about as would be expected. For

horizontal tails in the low and high positions, the load appears to drop
off in the region near the vertical tail. This condition also sppears,
but to a much lesser extent, for some configurations having horizontal
tails at the mid position. A consideration of the load distributions on
isolated sideslipping horizontal tails having dihedral (see fig. 7) shows
that the span load coefficients have a value of zero at the root chord.
The induced effects on the horizontal tail due to the presence of the load
on the vertical tail account for the value of the span load coefficient at
the horizontal-tail root chord in figure 6. It is apparent therefore that
mutugl induced effects occur and that the decrease in load in the vicinity
of the vertical tail which occurs for the high and low horizontal-tail
positions and which is not so pronounced for the mid position 1s the result
of difference in magnitude of the circulation change on the vertical tail
at the respective positions.

In figure 8 the loading due to dihedral angle is shown for L45°
sweptback tall combinations. The results indicated for the horizontal-
tail load distribution are, in general, similar to those for unswept
configurations. The effect of sweep on the horizontal-tall load is to
reduce the load and cause it to shift outboard. Sweep appears to reduce
conslderably the induced load on the vertical tail when the horizontal
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tall is in the high position. In fact, increasing vertical-tail aspect
ratio for this horizontal-tall position reduces the induced load and the
effect of the AhlAv ratio until a negligible effect of the ratio Ah/Av
remains for the case where Ay = 3.0. A similar trend is indicated for

‘the vertical-tail area below the horizonmtal tail when the mid position
is employed. The load distribution on the verticel tall above the hori-
zontal tall when in the mid and low positions is similar to the unswept
configurations but of reduced magnitude.

Steady roll.- Calculated span load distributions on the vertical and
horizontal surfaces of unswept tall configurations in steady roll about an
axis alined with the vertical-tail root chord are presented in figure 10.
The results indicate that vertical location and aspect ratio of the hori-
zontal tail have a large influence on the span load distribution of the
vertical tall, as does, of course, vertical-tail aspact ratio. Locating
horizontal tails in the high position produces an induced effect that
increases the loading across the entire vertical-tail span. At the mid
horizontal-tall position, the load induced on the vertical tall asppears
somevhat similar to the load due to dihedral effect in that the induced
portion of the span load coefficient has the opposite sign for stations
above and below the horizontal tail. At the low horizontal-tail position,
the larger horizontal tails produced a reduction in the total lodd carried
on the vertical tail as compared with the results for verticel tail alone.
Of particular interest at the low position for all three vertlical-tail
aspect ratios considered for an A.h/Av value of 3 1s the reversal of

lcad in the region near the horizontael tail. It appears that a reversal
of the slde force from negative to positive and & possible reversal in
the vertical-tail contribution to the damping in roll could result only
for rather extreme tail configurations consisting of a horizontal tail
of high aspect ratio in combination with a vertical tail of small aspect
ratio.

As would be expected, the loads on the horizontal tail for a given
vertical-tail aspect ratio eppear to vary almost directly with horizontal-
tail aspect ratio. A comparison of the results in figures 10(a), (v),
and (c) for equivalent horizontal-tail aspect ratios indicates that the
vertlcal-tail aspect ratlo has some influence on the horizontal-tail load.
In addition, 1t is apparent that vertical location of the horizontal taill
also influencesg the span loads on the horizontal tail, particularly in the
region near the vertical tail. This influence can be seen by noting the
values of the span load coefficients at the root chord of the horizontal
tail for a given vertical-tail aspect ratio and value of Ah/AV' For the
right semispan the span load coefficlent has larger positive values at
the high tall positions than at the low tall positions. In fact, for the
low positions a reversal in the direction of the load is indicated for
the reglon near the vertical tall for all three vertical-tall aspect
ratios considered when the ratio Ap[Ay hes a value of 1.0.
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Figure 12 presents the calculated span loadings for 45° sweptback
surfaces of* tall combinations in steady roll. A comparison of figures 10
and 12 for corresponding configurations indicates that the most notice-
able effects of sweep are a reduction in magnitude of the load on the
horizontal tail and the shifting of the load outboard toward the tips for
both the vertical and horizontal tails. In addition, figure 12 indicates
that the effect of the ratio Ah/Av on the vertical-tail load distribu-

tion decreases with an increase in vertical-tail aspect ratio for the
three vertical positions of the horlzontal tail.
Stability Derivatives

Sideslip (I' = 0).- The lateral-force and rolling-moment stability
derivatives CYB and CIB are obtained from an Integration of the

span load distributions. Since the dihedral angle is zero for the hori-
zontal tail, the derivative CYB results only from the vertical-tail

load. The C;  derivative, however, is composed of contributions from

both the vertical- and horizontal-tail loads and represents, of course,

the result for the complete tall configuration. The separate contributions

of the vertical and horizontal tails (C-l,’3 and CIB B’ respectively, are
v

also presented. Since the span loadings were obtalned in the form of step
loads, the integrations to obtain the resulting derivatives were performed
on the step loadings and not on the faired loading curves shown in fig-
ures 4 and 5. (See appendix A.) Furthermore, to enasble a direct compar-
ison to be made of the magnitudes of the vertical- and horizontal-tail
combinations, all derivatives are based on the vertical-tail area and

span as Indicated previously. Basing the derivatives on vertical-tail
geometry not only applies for the side-slipping tail assembly results

but also to the results of dihedral effect and steady roll.

The CYﬁ results for the unswept-tail combinations shown in fig-

ure 14 and for the swept configurations in figure 15 are plotted against
the ratio Ah/Av' The results for the unswept configurations show that
an sppreciable increase in CYﬂ can be obtained with horizontal tails

located at elther extremity of the vertical tail. The major increases
in CYB were obtained by increasing the value of Ah/Av to about 1.0.

The results show that this limiting value of Ah/Av is a function of

vertical-tail aspect ratio and that it increases as vertical-tail aspect
ratio decreases. Further increases in this ratio above the limiting
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value produced negligible increases in end-plate effect. The maximum
end-plate effect obtained by placing the horizontal tail at the extremi-
ties of the vertical tail appeared as an increase in CYﬁ’ which amounted

to a 20-percent increase for the high-aspect-ratio vertical tail and a
50-percent increase for the low-aspect-ratio vertical tail. Similar
trends are indicated for the 45° sweptback surfaces presented in fig-
ure 15, particularly for the low horizontal-tail position. For the high
horizontal-tail position, the effect of sweep appears to reduce the
available end-plate effect for corresponding unswept tail configurations,
particularly as vertical-tail aspect ratio is increased. For example,
the curve for the swept configuration having a vertical tail of aspect
ratio 3.0 indicates that the end-plate effects available by increaslng
the ratio Ah/Av are almost negligible. The effect of sweep on the
calculated CYB for all three vertical locations of the horizontal tail

1s also apparent in the reduction of the magnitude of CYB for equiva-

lent tall aspect ratios and in the spread between the curves for differ-
ent A, values. In addition, increasing the ratio Ah/Av had no effect

on Cy, when the horizontal tail was placed at the center of the verti-
cal tail.

A camparison of the unswept-tail results for the low and high X
horizontal-tail positions gives an indication of the magnitude of the
effect of vertical-tail taper ratio on the avallable end-plate effect
(for vertical tail of taper ratio 1.0 identical values for CYB result

for equivalent tail sizes). Comparing the results for high and low
horizontal-tail locations for an Ay value of 1.0 for the unswept con-
Tigurations indicates little difference; but as Ay 1s increased to 3.0,
for example, the maximum available end-plate effect for high horizontal-
tail locations is only about two-thirds of that indicated for the low
position. Similar comparisons of the results for the swept configura-
tlons cannot effectively be made since the necessary differentiation
between sweep angle and vertical-tail taper-ratio effects is almost
dmpossible to perform for the limited range of talil configurations pre-
sented herein.

The estimated rolling-moment derivatives (C'L> R (CZ) , and Cy

) B v B h B
are presented in figures 16, 17, and 18, respectively, for the unswept
tail configurations, and in figures 19, 20, and 21 for the 45° swept-
back configurations. The results show that the horizontal tail at
either extremlty of the vertlcal tall contributes to the total rolling-
moment coefficient in two ways. TFirst, the horizontal tall acts as an
end plate on the vertical tail, and thus increases the vertical-tail

load and.its resultant moment. Second, the horlzontal tail has on it

s
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an induced load which results in a rolling moment of large magnitude when
the aspect ratio (or span) is large. The direction as well as the magni-
tude of the loads on the horizontal tail depends on the vertical position
of the horizontal tail. Thus, when the horizontel tail is in the high
position the vertical- and horizontal-tail rolling moments are additive,
while the moments subtract when the horizontal tail is in the low posi-
tion. The induced load and rolling-moment contribution of the horizontal
tail is small when the horizontal tail i1s at the center of the vertical
tail.

The effects of sweep on the tall rolling moments appear to be rather
small, particularly when the tails considered are of low aspect ratio.
The moments of the surfaces having higher aspect ratios are slightly
smaller for 45° sweptback tails than for unswept tails of the same aspect
ratio. )

Sideslip of horizontel talls with dihedral.- The additional loading
on tail surfaces due to horizontal-tall dihedrsl causes both the hori-
tal tail and vertical tail to contribute to the lateral force coeffi-
clent. The vertical-tail force is a result of an induced load, whereas
the horizontal-tail force is caused primarily by the lateral tilt of the
1ift vectors through an angle equal to the dihedral angle. The vertical-
tail contribution is proportional to the dihedral angle, whereas the
horizontal-tail contribution is proportional to the square of the dihe-
dral angle. The results are shown in figures 22 and 23 for unswept
tails and in figures 24 and 25 for 45° sweptback tails.

The contributions of the tall surfaces to the rolling moment are
shown in figures 26 to 28 for unswept surfaces and in figures 29 to 31
for 45° sweptback surfaces. The results for both the unswept and swept
tails indicate that the dominating effect is horizontal-tail size as
‘indicated by the ratio Ah/AV‘. For the unswept cases a small effect of

vertical location is also evident, and from the separated contributions
of the vertical and horizontal tails, it is apparent that most of the
hedght effect is the result of differences in loading on the vertical
)
tail. The calculations for (-?ﬁ-) for the unswept tails indicate that
v
the effect of the vertical-tail aspect ratio is negligible. The usual
effects of sweep, that is, a reduction in the magnitude of the deriva-
tives for equivalent configurations and a reduction in the spread
between the curves for comparable figures, are gpparent. The calculated
c R
1
results for (—EE> for the swept talls indicate that Ay has a slight
v ,

effect for horizontal tails at the top of the vertical tail. The net
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C
1
result on —--E for the complete configurations for variations in height

is that an increase in height increases the magnitude of ——Q for vertli-

cal tails of aspect ratios 1 and 2; however, for Ay = 3.0 the opposite
trend is observed for tails at the mid and high positions. ’

Steady roll.- The results obtained for lateral force due to roll are
shown in figures 32 and 33 for unswept and 45° sweptback tails, respec-
tively. The results show that Cyp, which is contributed only by the

vertical tail, is largely affected by horizontal-tall aspect ratio if the
horizontal taill is at either extremity of the vertical tail. Increasing
the asgpect ratio of the low horizontal tail causes CYP to decrease in

magnitude, whereas the opposite is true for the high horizontal tail.
This effect is, of course, a consequence of the changes in vertical-tail
span load caused by the horizontal-tail load. (See figs. 10 and 12.)

The calculated results for the dampling in roll contributed by the
unswept vertical taill, horizontal tail, and complete tall assemblies are
shown in figures 34, 35, and 36, respectively. As expected, the results
of figure 36 indicate that horizontal-tail aspect ratio or span, as indi-
cated by the ratio Ap/A; for a given value of Ay, has an appreciable

influence on the resulting CZP of the tall assembly. What is of inter-

est, however, 1s that for the low and mid horizontal-tall positions the
ratio Ah/Av has an influence only when the horizontal tall is larger

than the vertical tail. For the range of velues of Ay[A, from O to 1.0
for the low and mid locations, the almost constant value of CZ appears

1o be essentially the result of two opposing effects. Consider, for
example, the horizontal-tail contribution for the low horizontal-tail
position as indicated in figure 35. An induced load exists on the hori-
zontal tail similar to the sideslip load shown in figure 4, a result of
the presence of the horizontal tail at the base of the vertical tail that
is carrying a load. Superimposed on this load is a load due to steady
rolling (fig. 11). These two loads oppose one another and tend to can-
cel. VWhen the horizontael tail i1s of low aspect ratio, the resultant
moment from the aforementioned loads is very small. For tail combina-
tlons with high-aspect-ratio horizontal tails, the rolling moment due to
rolling predominates. A similar effect occurs on the vertical tail in
that the end-plate effect tends to increase the rolling load on the ver-
tical tail, and the rolling load on the horizontal tail induces a side-
wash which tends to decrease it. The interaction of these loads is such
that Gnlo is only slightly influenced by the horizontal-tall aspect

v

ratlo, at least for the range of size presented here.
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For the hlgh horizontal-tail locatlion similar effects on (C-LP) v

and (CZP) occur; however, for this configuration the induced end-plate
h
loads are in the same direction as the rolling loads.

The results for (Czp) s (czp) J and (Czp) for the 45° sweptback tail

configurations are presented in figures 37, 38, and 39, respectively. A
camparison of the results for the unswept and swept tails indicates the
usual effects of sweep, such as, a reduction in the magnitude of the
derivatives for corresponding configurations, a reduction in effects of
aspect ratio of the tail surfaces involved, and a reduction in effects
of vertical position of the horizontal taill.

CONCLUDING REMARKS

Subsonic span loads and the resulting contribution to the stabllity
derivatives have been calculated for a systematic series of wvertical-
and horizontael-tail cambinations in sideslip and in steady roll. All
calculations were made by application of the discrete-horseshoe-vortex
method to the problem of estimating loads on intersecting surfaces. The
investigation covered variations in vertical-tail aspect ratio, the
ratio of horizontal-tall aspect ratio to vertical-tail aspect ratio, the
effects of horizontsl-tail dihedral angle (for the sideslip case), and the
effects of vertical position of the horizontal tail for surfaces having
their quarter-chord lines swept back 0° and 45°. The results of the
investigatlion are presented in charts from which the span loads for the
various conditions can be obtained. The resulting stability derivatives

are presented as vertical- and horizontal-tail contributions as well as
total tail-assembly derivatives.

The results of this investigation, which was made for a wider range
of geometric variables than previous studies, showed trends which were
in general sgreement with the results of previous investigations. Also
presented in this paper 1s an extensive table of values of sidewash due
to a rectangular vortex, which was used in the computatlons.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., June 29, 1954.
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APPENDIX A
THEORETICAT, CONSIDERATTIONS

Applying the discrete-horseshoe-vortex method of determining span
loads to a vertical- and horizontal-tail combination involves the repre-
sentation of the surfaces by a finite number N of horseshoe vortices.
(See fig. 2.) This procedure is equivalent to an approximation of the
actual span load by means of a finite number of steps. After the circu-
lation strength of each horseshoe vortex has been found, the local sec-
tion force coefficient can be determined and integrated to yield the’
corresponding force and moment derivatives.

In this finite-step method the horseshoe vortices are so located
that the center of each bound vortex lies on the surface quarter-chord
line. The trailing legs of each vortex are contained in the plane of the
surface and extend to infinity. The boundary condition to be applied is
that the air flow is tangential to the surface at specified control
points. These control points are located along the three-quarter-chord
line at the midspan of each horseshoe vortex. For a tall configuration
represented by N horseshoe vortices, there exist, of course, N control
points; and the boundary condition is satisfied at each by equating the
normal velocity arising from the complete vortex system to the ccmponent
of the free-stream velocity normal to the surface at that point. This .
method yilelds a set of N simultaneous equations with one equation for
each of the N control points. These equations are of the form

N
Uz /)y = nZ_l -ffft‘—d £ (x',y,2") (1)

The normal velocity component at any control point resulting from a
system of horseshoe vortices representing two intersecting surfaces con-
sists of the downwash contributed by all horseshoe vortices contained in
the same plane as the control point plus the sidewash generated by all
horseshoe vortices located in the intersecting plane. Reference 7 pre-
sents general expressions for the downwash and sidewash velocity com-
ponents due to a single rectangular horseshoe vortex referred to a set
of Cartesian coordinates with the origin located at the midpoint of the
bound vortex. Nondimensionalizing the three coordinate distances appearing
in the equations with respect to the vortex semispan and rearranging the
terms yields the following expressions: For the downwash veloclty w
in the plane of a rectangular horseshoe vortex (z' = 0),
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Gmd 1 y'+1 - y' -1 _
K x' )
ez s (pr o+ )% 24 (30 - 1)
1 ]
-t 14+ X + 1 14+ X
'el '+ 1
v VX'Q AR L B V;'g + (' + )7

(2)
and for the sidewash velocity V' at any point on an intersecting plane

)-I-T[d z' i x!
-‘rl — + -
K 1

VX'2 +2'2 + (y' + 1)2

Zl xl
1+ (3)
2

2
Vx'e +2'2 ¢ (y* - 1)

224+ (3 - 1)

|

The right-hand side of equation (2) is defined herein as F(x',y').
Tabulated values of this functlion are available in various publications
for a wide range of x' and y' values. (For example, see ref. 8.)
Tebles of the corresponding function F(x',y',z') of equation (3) were
not available and, consequently, the function was evaluated and tabulated

for the x', y', and z' values applicable to the present investigation.
(See appendix B.)

In the present investigation the vertical tail is represented by a
system of six and the horizontal tail by 12 equispan rectangular horse-
shoe vortices. Each of the three basic types of locading investigated for
each taill configuration leads to antisymmetrical load distributions on
the horizontal tail. The loads carried on each semispan of the horizontal
tail have the same magnitude and distribution but are opposite in sign.
(For example, in fig. 2, Kj = -Kio, Ko = -Kj7, etc.) Since this particu-
lar condition exists and since six horseshoe vortices were located on each
semispan of the horizontal tail, the number of equations to be solved can
be reduced from 18 to 12. If the circulation strengths Kh are assumed
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to be positive for the representation shown in figure 2, the form of the
simultaneous equations becomes

n=6 K,
U3C/)-I- =Z fn(x':y!)Z') -

n=1 4ndh

n=18

t 1 T +
le_n (x Wy .2 ) § =T ll-:r(dv

£,(x' 3" 2") (1)

The summation from n =1 to n = 6 represents the horizontal-tail
contribution, and the summation from n = 13 to n = 18 represents the
vertical-tail contribution. The sign preceding the second summation
depends on where U3c/h is being computed. The plus sign is for

horizontal-tail control points and the minus sign for vertical-tail con-
trol points. The term U5c/h represents the boundary conditions at &

given control point and is usuaslly replaced by a more appropriate form
depending, of course, on the type of maneuver under consideration. The
boundary conditions associated with tail combinations in sideslip and
steady roll are as follows:

Boundary conditions, U3c/h

Case Type of maneuver
Horizontal tail | Vertical tail
(1) |sideslip, T' =0 0 VB
Sideslip of horizontel tails,
(2) vertical tail at B = O, VBT 0
ro0

(3) | Rron2 Dby ¥y Dby 2z,

v bv v bv

In case (3), the y and =z coordinates appearing in the boundary con-
ditions represent distances measured to each control point under con-
sideration relative to the stability system of axes for the complete
tail configuration and should not be confused with the primed values
used previously. Substituting these boundary values into equation (4)
for the appropriate control points and dividing through by VB, VI'g,
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gpbv)

and V for cases (1), (2), and (3), respectively, yield 12 simul-
V

taneous equations with 12 unknowns. As an illustrative example, case (1)

in a more reduced form can be expressed in the following manner:

For control points located on the horizontal tail, that is, points 1
to 12 (see fig. 2),

n=6 K :
:“-_Ilmdzvs Fa(t53t) = P (1770 |+

A

0 =

e 5

F (X'JY'JZ') (5)
ne13 bed,ve O

For control points on the vertical tail (13 to 18),

£ 5
, 1 = F l, t’ H -F 1 H ' -
< ).l.j{thB n(x y z ) ls_n(x )y )Z )
n=18
B r (x,y) (6)
n=13 hndeB

The simultaneous equaetions of this type obtained for the various flow
conditions can be solved for terms which yield the span loads. Now, if
the term containing the unknown circulation strengths and boundary con-
ditions is designated as load coefficient, then the load coefficient for
the three ceses considered herein can be obtalned as follows:

For case (1),
K end K
hrd, VB hrd, VB

For case (2),

— s e — A i e, o g S s e =
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For case (3),

K and K
D

N - K
v v
kg, 22XV bna, 22Xy

The two load coefficients represented for each case differ only in the
terms 4 and dv appearing in the denominator. This difference is

the result of using horseshoe vortices of different spans to represent
the vertical and horizontal tails. A more convenient and useful form of
the load coefficients can be derived by utilizing the well-known Kutta-
Joukowski equation

1 = pVK

where 1 1s the load per unit span. By use of this equation, the fol-
lowing relationships can be obtained:

~

ccy) _ Kn  lbxa, - 2.094! Kn

(EB v lmd VB N, ) A bxnd, vp

K

(f—cl) = 1.0472 Ap ———

B /n 4 dy VB

EEZ) = 2.0 ___EB__
(EBP v Sl Ay bl VBI
(E) - vtz by 2 ‘ ()
cpr/y lmthBP

ccy = 2.094L A, ____Eh____
s 2y, lmdv?%ﬁv

ot
g
K;
Y
(=g
<[?
<}

<
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Proper summation of these span locad coefficilents yields several of the
more important aerodynamic derivatives. These derivatives and their
corresponding summations are listed in table I.
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APPENDIX B

SIDEWASH DUE TO A RECTANGULAR

HORSESHOE VORTEX

The sidewash due to a rectangular vortex of semispan d can be
determined from the following equation:

F(xl)y!,zl) = v! _)'l'Tf_d_-_
K
[ ]
= Z 1+ x!
2

Z'2 + (y' <} l) er2 + Z’2+ (y| + 1)2

z! x!

1+ (8

zt2 + ( r _ 1)2 > o ] ) h

Y x'e + z'c + (y' - 1)

The x', y', and z' components are nondimensional distances (multiples
of d) and are defined relative to the horseshoe vortex as indicated in the

following sketch:
2! ///;f

yl

P
\

Equation (8) has been evaluated for the values of x', y', and z' required
for the present investigation, and the results are presented in table II.
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All y' and 32z' values of the table are positive. A change in sign

of y' or z' changes the sign of F(x',y',z'). If both y' and z'
are negative, then F(x',y',z') retains the sign given in the table.
Values of the function at points not given in the table can be obtained
by careful interpolation, provided that F(x',y',z') is not changing
very rapidly with x', y', or z'. If F(x',y',z') is changing rapidly,
it is advisable to compute the actual value by use of equation (8).
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TABLE I
EQUATIONS FOR DETERMINING AERODYNAMIC
DERTIVATIVES FROM SPAN LOADS
Derivatives Vertical-tail contribution Horizontal-tail contribution
n=18
o L) eodkar o
n=13 Kd""vB
c n-lB n=6 Ah2 K'n
A 1 In
B E 2.0944A, -—E 1.0h72 = P B
V
6 L ll-:tdeB b,, — Ay 4mdyVB by
oy /I‘ n=18 K,
B X > .o9klA
6 = Yred VAT
2 2
oy /P ‘Z At Ky
P - -OkT2 - Ay lsdpVer
nsl
n=18 n=6 2
B / 6Z v uxdvvsr 'bv 6 -O¥T2 = Av Enthﬁr by
n=13% n=l
n=18
= gy  oday K“pb,,
n::l} l"ﬂd—v
n=18 n=H 2
Cy,, % 2.00kkA K’; bﬁ; - % lowodn Ko :—:
n=13 bndy %_‘v v n=l, bisdy Py v
* n=6 Aha Ky
Cr, L ~h
b ) LR
n=1
r * n=b 5
cLﬁ/ 1 § 1.0472 A~ Ky
12 Ay lbadpVAr
n=l
* n=6 22 K,
c 1 Jokite 2B
Ip 15 1 72
; )-l-rrdh Iﬁ v

*Righ'b semispan only.
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TARLE IT.- SIIEWASH DUE TO A RECTANGULAR HORSESHOE VORTEX
_F(xl’yl,zl )
xl
y' =1 y'=3 y'=5 ¥yt =T y' =9 y' =11
z' = 0.5000
G R-): 1.V T [ R a— ———— 0.0003
-6.6667 —_—— ] e ——— 000k
-5.9404% —— ——— 0.0007 ————
L6667 — —— .0010 ————
-3.9444 ——— —— ——— 0.0019 ——— ———
-2.8333 T U D vvk G .0010
-2.6667 ——— ——— ——— .0029 ——— ———
~1.944% —— ——— 0.0079 ——— | e | mmeee
-.8333 —— ——— .002k ————
-.6667 —— ——- .0135 —— e ————
.0556 —— 0.0896 e | e
1.1667 ——- ——— ———— 0075 | meemem | s
1.3333 ———— P52 s K OOt I rosuyu N I povuvuuvot N Ao
1.hhhh 3.7048 .1hko L0241 .0079 .0035. .0018
1.6667 3.7240 L1450 .0250 .0081 .0036 .0019
1.8889 3.7562 1533 .0259 .008% 0037 .00L9
2.0556 326 | e | e} e | e | eemeea
2.1111 3.7543 .1568 L0267 .0086 .0038 .0020
2.1667 3.7459 L1575 .0269 .0087 .0038 .0020
2.3333 3.7598 1556 .027h .0088 .0038 .0020
2.5000 3.7528 J161% .0279 .0050 .00%9 .0020
2.5556 3.7536 L1620 .0281 .0090 .0039 .0020
2.8333 3.7568 .1643 .0288 .0093 .00k0 .0021
3.1667 3.7593 L1665 .0296 .0096 L0042 .0021
3.3333 3.7602 | e | e | e ————
3.5000 3.7609 L1681 0302 .0098 .0043 .0022
3.8333 3.7619 .1693 .0308 .0101 .0043 .0023
k.0556 3.7625 e e L
%.3333 3.7630 .1706 .0315 L0104 .00k5 .002%
5.0000 3.763T lakd .0321 .0L07 LOOkT .002k
5.1667 ——e AT19 —— m——
5.3335 3.7639 ———— ————
5.6667 3. 764 172k .0326 .0110 L0048 .0025
6.0556 ——— UG Iy 7S I I e S
6.3333 3.7643 .1728 .0329 .0112 .0050 .0026
7.0000 3.7644 731 .0332 .011h .0051 .0026
T.1667 3. 76k ——— [
7.3333 |  --——-- N I T e e I
T7.6667 3.7645 7353 0534 0115 .005L .0027
8.0556 ——- S L0334 —— ———— —————
9.1667 37646 | e —— ] e
9.3333 —_—— | e -0336 e B -
10.0556 ———— .0118 ——— ———
11.1667 — A6 | e | meeeee | e ] e
11.3333 ———- —— ———— 018 | e | s
12.0356 —— —— 008 | oo
12.1250 ——— ——— 0058 [ meeee
13.1667 ———— — .0339 — | e ] e
15.3333 e ——— -0054 m————
14.0556 ——— —— ——— .0030
15.1667 ———— | emee — ———- .0120 —— | mmeaae
15.3333 ~——- e T I 0030
17.1667 —— | e 0055 | cmeeem
19.1667 — IR (S B . .0030
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TABLE II.- SINEWASH DUE TO A RECTANGULAR HORSESHOE VORTEX - Comtinued

“F(x',y',2")

xl
Y =1 ¥t =3 y'=5 y' =17 Y'=9 y'=1

z' = 0.6667

-4.7037 B T I 0.0028 ———

k5556 — S o0k | meeee
by

4.2593 — e .003h ——m
-h.2222 —— | - 0035 | —m-em-

I e R
il

-3.2222 e ———=- 0019 | -mee-
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TABLE IT.- SIDEWASHE DUE TO A RECTANGULAR HORSESHOE VORTEX - Continued

NACA TN 3245

. F(x',y',%')
y'=l y' =3 y' =5 | y' =7 y'=9 y'=11
2! = 0.6667
-0.5556 00188 | e | e | mae—e
ol ——— 0.0829 ——— ——
-.2593 0.82%6 — | e ————
-.2222 .891% ——— —_— | e ] e | e
2202 — .1230 JEUNSISU IOV IO
RN 2.1511 ————— NN SR [ [
.5556 — JQdhee —— ———
STT78 .0276 ——
.9259 2.5070 e —— —mmen
.9630 2.5210 162k .0287 0.0096 0.0043 0.0023
1.1111 2.5663 L1687 .0297 .0098 .00kl .0023
1.2222 2.5916 ———— ————
1.2593 2. iy 113 .0305 .0101. 0045 002k
1.3704 2.617L —— S I R [
1.hoTh 2. L1795 L0314 .Q103 .00k6 .002k
14544 2.6272 .1806 L0316 L0104 .00k6 .0024
1.5556 2.6397 .18%0 .0322 .0105 .O0kT .0025
1.6667 2.6497 L1873 .0328 .0107 L004T .0025
1.7037 2.6526 .1880 .0330 .q108 .004T .0025
1.8889 2.6644 L1924 .0339 .0110 .0049 .0025
2.1111 2.67k2 L1969 .0349 L0114 .0050 .0026
2.2022 2.67T19 —— ——— ———
2.3333 2.6810 .2005 .0359 L0117 .005L .0027
2.5556 2.6857 .2036 L0367 .0119 .0052 .0027
2.77718 ——— .2060 —— ———
2.8889 2.6904 .20TL .0379 .0123 0054 .0028
3.3333 2.6941 .2105 .0392 .0128 .0056 .0029
LRI 2.6947 —— ——— c————
3.T718 2.6962 .2128 .0ko2 .0133 .0058 .0030
4. 2222 2.697% .21 .ok10 .0136 L0060 L0031
L 6667 2.6982 .2156 .ot .0139 .0061 .0032
47778 2.698% —— e [ nanaE e
5.1111 2.6987 2164 .Okz2 .01k2 .0063 .0032
z!' = 1.0000
-10.5556 ——— 0.000%
-9.8889 ———— .000h
-9.8533 —— 000k
-8.8333 ——— .0006
-8.555§ ———- ——— 0.0007 ———
-8.1111 ——— 0006
-7.8889 ——— e 0008 | memeem
-71.8333 e ———— -0009 ————
-T7.6667 —— .0007
I R:3.313 —— 0007
ATy S B e e .0008
-6.8333 ——— 0001 | e
-6.5556 0.0015 | —ceemm | meeee-
L1667 .0010
-6.1111 —— ——— 0013 | memme-
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TARLE IT.- SIDEWASH DUE TO A RECTANGUIAR HORSESHOE VORTEX - Contimued

xl

"F(x':y.:z')

y'=5 y' =7

= 1.0000

g

I

.

MRy

JaeRg

\.N\)l\.)l\.)il’\) I'\)I’\)I:\)I\)I;\) {ld
\n
&

0.004k ———

o169 o076

L0351 e
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TABLE IT.- SITEWASH DUE TO A RECTANGULAR HORSESHOE VORTEX - Continued

NACA TN 3245

“F(x',y',2")

y' =5 T y'=-7jy'=9j y' =1

z' = 1.0000

k1667
4.3333
4.5556
5.0000
5.1667

5.6667
5.8333
6.3333
6.5556
7.0000

T-6667
7.8333
8.5556
9.6667
9.8333

10.5556
11.6667
11.8333
12.555%6
13.6667

13.8333
14.5556
15.6567
15.8333
17.6667

19.6667

0.2763

-o814

2821

0.0588 0.0200

z' = 1.5000

~7.1667
~6.944h
-6.0000
-5.665T7
-5.1667

~h.ghkn
-4.0000
-3.6667
-3.1667
-2.9441

-2.5000
-2.0000
-1.8333
-1.6667
-1.1667

0.7690

—— 0.0069
_____ .007h

k30 —
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TABLE IT.- SIDEWASH DUE TO A RECTANGULAR HORSESHOE VORTEX - Continued

51

~F(x',5',2")
xl
y' =1 y' =3 y' =5 l y =1 i ¥y'=9 yt=11
z' = 1.5000

1.8889 0.8041 0.2693 0.0648 0.0229 0.010% 0.0055
2.0000 —_— 2729 ——— ————
2.1111 8153 2763 0667 .0236 L0107 L0057
2,1667 8176 .2778 L0672 L0237 .0107 0057
2.333% .8237 .26822 L0685 L0242 .0109 .0058
2.5000 .8286 .2860 .0698 L0246 .0111 .0059
2.5556 .8301 L2872 .0702 .0248 .0112 .00%9
2.8333 .8359 .2925 .0T21 .0235 .0115 L0060
3.0556 .8394 m———
3.1667 .8408 2972 LOTHL L0262 .0118 .0062
3.5000 LBl .3010 .0758 L0269 .0121 .0064
3.8533 8465 3039 L0772 .0276 L0124 L0065
%.0000 847h ————
1667 | mmmeee | e .0785 ————
4.3333 .8u88 3072 0790 .0284 .0128 0067
%.8333 .8502 —————
5.0000 .8506 3100 .0808 .0294 L0133 .0070
5.0556 R A N e e B
5.5000 ———e— »3104 ———— —————
5.6667 .8516 .3118 0821 L0301 LOL3T .0072
6.0000 .8519 ——————
6.1667 —— 3127 —— ——
6.3333 8522 .3129 .083L .0307 LOLhL 007k
6.8333 e 3135 —_—— | e
7.0000 .8525 3137 .0838 .0312 Lo1kh .0076
7.0556 | eee-e- L3137 ————ee | mameee
7.5000 8527 ————
T7.6667 .8528 .31%2 L0843 .0316 .0146 .0078
8.0000 | @ -—-- 1.1 S (RGO [
8.1667 8529 | e | e | e
8.3333 ——— 3146 m————— ——————
8.8333 OO .0848 ———-—
9.0556 | @ emmeme | e 0849 ————
9.5000 B3l | e ) e | e
10.0000 R O 0852 | aee—-
10.1667 .8531 ———
10.3333 e B 0853 ——mmee
10.8333 ————— 0325
11.0556 ———— .0326
11..%5000 ———— .315% e ————
12.0000 | cemee- 0327
12,1667 ———- 3154 ——m—— ———
12.3333 ———- .0327
12.8333 T O T 0156 | e
13.0556 | meeeem | mmeeme D mmeee e 0156 | e
13.5000 ———— —————- 0857 | —-eee
1%.0000 ——— —- .0157 ———
14.1667 SRURUUC U .0857 ——
143333 | e —— .0157 ———
4.8333 | e | e e ] e m——— .0086
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TARLE IT.- SIDEWASH DUE TO A RECTANGULAR HORESESHOE VORTEX ~ Comtinued

NACA TN 3245

x!

y' =1 L

15.0356
13.5000
16.0000
16.1667
16.3333

17.%5000
18.1667
19.5000
20.1667

0.0330

-0330

z' = 2.0000

0033
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TABLE IT.- SIDEWASH DUE TO A RECTANGUIAR HORSESHOE VORTEX - Conbinued
y F(x',y',2')
y' =1 I y'=3 I y'=5i y'=17 y'=9 y'=11
' = 2,0000
<1.6667 | e 0.0580 | —eeme 0.0137
=L hhll 0.0710 |  —-meme 0.030% |  —mmeee
-1.3333 0795 —— L0317 ———— 0.0080 0.0047
-1.2222 | emmeee .015h
- | - .1009 ——mm ———
-.6667 .1h92 107k .0ko5 ———
-3333 | —eme- .1282 { ———— L0191 | e .0055
-.1111 2321 —— | e ———

3335 23029 | ememe- .0548 ——

-5556 ——— 859 | ememee | e -

7 (R [—— .1926 —— .0235 .0113 ———

.TTT8 ————e | e .0610 ————

.9630 .586h .2095 .0635 o247 .0118 .0065
1.1111 o1l 273 .0655 .0253 .0120 .0066
1.2222 RS TS I e B
1.2593 R DY 2246 0673 .0259 .0123 0067
1.3333 k208 .2280 m——mme |,

14074 Jh26h 2314 .0265 .0125 .0068
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TAELE IT.- SIIEWASH DUE TO A RECTARGUIAR HORSESHOE VORTEX - Conmtinued

“F(x',y',2'")
xl
¥y =1 y'=3 J y' =5 y'=17 y' =9 1 y' =211
z! = 2,5000
-6.3889 [ESSOISIEE VIS R I ——— —_— ——— 0.0022
=5.3335 | e ———— ———— 0027
.3889 [ECHENEEE ORI [ uousieivi i [ O, 0.0048 ————
~3.3333 ——— ——— .0062 ——-
-2.3889 —— 0.0129
~2.1667 —— | e e | e ———— .0050
~1.3333 ———— 0173
-.3889 ——— —— 0.0475 | —mee--
- 1667 ——— ——— L0117 ——-
6667 —— —— 0629 | e
15044 0.2560 0.1550 L0733 L0304 .01h8 .0082
1.6111 ————- .20k9 —— ———
1.6667 .265h 2067 0759 L0313 0152 .0084
1.8333 ————— .0320
1.8889 2735 <237 -0785 0325 0156 .0086
2.1111 2799 .2199 .0808 .0332 .0160 .0088
2.1667 281k 2213 .081k 0334 L0161 .0088
2.3333 .2854 2254 .0830 .03%0 L0164 .0090
2.5000 .2888 .2290 .08k6 Nopild L0167 .0091
2.5536 .2899 2302 .0851 .0349 .0168 .0092
2.6667 ——— .2323 ——— ————
2.8333 .254h .2353 .087L .0358 L0172 0094
3.1667 .2985 .2 .0899 .0369 OLTT .0096
3.5000 .3016 .24h6 .0921 L0379 .0182 .0099
3.61311 3025 | e b e | enee-
3.8333 .3039 2479 .09%0 .0388 L0187 .010L
L.3333 -3064 51T 0964 .okoL .019% L0105
L. 6667 3076 ———
5.0000 .3085 .2552 .0988 Nea s .0200 L0109
5.6111 .3096 ———
5.6667 .3097 2575 .1007 o425 .0207 L0112
5.8333 ———— - R o, ———— -
6.3333 .3105 L2591 .1020 Ok3h .0212 .0116
6.6667 .3108 ———
T7.0000 L3110 .2602 .1030 .Ohh1 0217 .0119
T.6111 —_ .2609 —— | meeean
T.6667 .3113 .2609 .1038 Lokl .0220 .0121
7.8333 IR 1 (ORI R S,
8.6667 —— 2616 —
9.6111 ——— —— 21050 ————-
9.83% | @ .39 | e | e e
10.6667 ——— .1054 ———
11.6111 LOh6h
11.8333 2626 ——— ) e
12,6667 .0k66
13.6111 —— ——— 0236 | aemmne
13.8333 | 00 e | e .1060
14.6667 0237 | e
156111 | 0 e | e ] e ] e | e Kok
15.8333
16.6667 ———— —— ] e .0135
17.8333 ———— —————— 0239} e
19.8333 e N SRR P B e Bt ————— .0136




35

NACA TN 3245
TAELE IT.- SIDEWASH DUE TO A RECTARGUIAR HORSESHOE VORTEX - Contimued
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TABLE II.- SIDEWASHE DUE TO A RECTANGULAR HORSESHOE VORTEX ~ Comtinued
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TABIE II.~ SIDEWASH DUE TO A RECTANGULAR HORSESHOE VORTEX - Continued
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TAELE II.- SIDEWASH DUE TO A RECTANGULAR HORSESHOE VORTEX - Continued
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TAELE IT.- SIDEHASH DUE TO A RECTANGULAR BORSESHOE VORTEX - Comtinued
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TARLE II.- SITEWASH DUE TO A RECTANGULAR HORSESHOE VORTEX -~ Continued
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TAELE II.- SIDEWASH DUE TO A RECTANGULAR HORSESHOE VORTEX - Continued
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2.8%33 .061k% .0376 .0225 .0L39
3.1667 .0633 .0387 .0232 L0143 -
ERI —— ———
3.5000 .0650 .0398 . oLh7
3.8333 .0878 .0665 .0Lo8 024k .0150
L. .0892 —— e
h.1667 .0895 JEGNNUTE [rvut N (vt [ —
%.3333 .0902 -0686 .0k21 .0252 L0155
5.0000 .0927 .0709 0437 L0262 L0161
5-m .0933 e e B B el Bty
5. —— NN U [ [t
5.6667 .0%46 0727 -0ks0 .0270 L0167
6.1111 SUUIENEUEE N [ v .
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TABLE II.- SIDEWASH DUE TO A RECTANGULAR HORSESHOE VORTEX - Continued
~F(x',y',2")
xl
y'=1 Y' =3 Ty'-ﬁ-—I =1 I y'-9i y=1
z' = 5.0000
6.1667 0.053L, | comeme | mmee [N GO [,
6.3333 L0532 0.0961 0.07hL 0.0461 0.0278 0.0172
T7.0000 L0537 L09TL 0753 .ok70 .0284 .0L76
T.1667 0538 | e | mmeeee —— ———— ——
T.6667 .05h0 .0980 L0762 L0478 .0290 0180
8.1111 o517 S oo o I —— -
8.3333 .0543 0986 | e | emeeee
9.1667 .0545 I U,
10.1111 ——— 0996 | ammeee ] e
10.3333 0547 | eeee | e
11.1667 | e 2000 | memmee | e
12.1111 L0789
12.3333 Mo L R e
13.1667 0792 | eemeee
11111 ——— .0508
14,3333 | 0 e 22005 | —mmeee ] e
15.1667 | emeee— | eeeem | e L0510
16555 Tome | _IT
16.3333 .0 ——
17.1667 e | mm————
181111 | e | e | e | e
18.3335 | e ] meeeem | e .0512
191667 | 0 meeeem | meeeee | aeeee-
== B I R e
22,3333 | 0 eeemee el | e
z' = 5,5000
-%.0556 ——— 0.0058
B R e e e :
20556 | 0 e e ] e ——— 0.0115 ———
-1.33%3 R —— L0131 ————
s 1 173 O S e DT (—— — ————— .0092
-0556 | 0 e} e | e 0.0244 ——— —_——
L6867 ] e | emeeee ] s 027 ] e ————
.8333 SR R t— .0180 ———
1.4544 0.0289 0.0554 0.0461 .0306 L0194 L0125
1.6667 L0300 0573 .OkT6 L0314 .0199 .0128
1.8889 .0310 .0592 .0kgo .0323 020k .0L3L
1.9%4h .0h93 ey | mmmeee ] e
2.1111 .0319 .0610 .0503 .033L .0209 L0134
2.1667 L0321 L0613 L0506 .0333 .0210 LOL3h
2.3333 .0328 L0625 .0516 .0339 .0213 .0136
2.5000 L0334 L0637 .0526 L0345 0217 .0138
2.5556 .0336 L0641, .0529 O34T .0218 .0139
2.6667 L0535 ———— — | e
2.8333 L0345 .0659 L0543 .0356 0223 L0142
3.1667 .0355 .06T9 .0560 L0367 .0229 .0146
3.5000 -0364 L0697 L0573 L0377 L0235 0150
3.% L0372 Nogak . .0386 L0241 .0153
.98 | e O78 | meeeem | emmeem | e | e
%.3333 .0382 0733 .0608 .0399 029 .0158
46667 | 00 —emem- oy (7 IR G I R ——
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TABLE TT.- SIDEWASH DUE TO A RECTANGUIAR EORSESHOE VORTEX - Continued

~F(x',y',z')

M

y' =1 y'=3 y'=5 y'=T7 ry'=9 I y' =11

z' = 5.5000

N
3

DA R

REER EA3%R VN

[
OOVOM®P® =N-3~N00N OV &

2]
N
W
W

’

———— | e 0.062% ——— ——— el
0.0392 0.0755 .0629 0.04Lk 0.0259 0.0L64
.0k00 L0712 0646 .ok27 .0268 ..0170

.0ho6 .0786 .0660 .0h38 .0275 Noke

.0k10 L0796 L0671 okt - .0282 .0180
.0h13 .080% .0680 .ohsh .0288 .018%

N B = L0489 - B

z' = 6.0000

—— ————- ——— 0.0007

—— 0.0016 —————

———— ———- —— .0019 ———

———— .002% ——
0.002% SRR

S ——e .0029 —— ——
—— ——— —— 0034 SRR
— —— —— 0037 0034 ——
PO _— 0039 ———— —_ ————
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TABLE IT.~ SIDEWASH DUE TO A RECTARGUIAR HORSESBOE VORTEX - Continued

-F(x',y',z')
xl
y' =1 Ly'-f L Y'=5 J =17 Ly'-9 y' =11
z' = 6.0000
-5.0000 0.006% —
~4.6667
-h.3333 0.0095 ————
.0000 L0104 .0116
-3.8889 —— ——— m—— 0.0061
-3.6667 -0030 ———
-l N e i B —— -0067
~3.0000 ————— 0.0128 ———-— .00T1
-2.3333 -0082 ———--
-2.0000 .0092 .0202 ——— | e
-1.8889 .o0118 ————
-1.6667 ——- .0087
-1.3333 0130 | emeee-
-1.0000 |} = | e .0260 L0137 ————
-.3333 —— -0104
.0000 mm——— ———— .0108
1111 .0238
23333 ——— ————— -0166 —————
.6667 ——— .0259
.9630 .0205 .ok19 L0379 .0270 .0180 0120
1.0000 ——— .Oh22 ——— L0271
1.1111 0211 030 .0388 0275 .0183 .0122
1.2593 0216 .01 -0397 .0261 .0186 .0124
1.5074 .0222 L0451 .0ko5 .0286 .0190 .0126
1.4h4Y .0223 .Ohsh .oko7 L0287 .0190 .0126
1.5556 0227 0461 Loy .0291 L0193 .0128
1.6667 L0251 .0k69 . .0295 L0155 .0129
1.7037 .0232 .ohTL .0h22 .0297 .01.96 .0130
1.8889 20238 .0483 .Oh32 .0303 .0200 .0132
2.0000 —— .0202 .0135
2.1111 L0245 .okgT SOkl .0311 .0204 .0135
2.3333 .0252 .0310 -0h55 -0318 .0209 .0137
2.5556 .0258 .0523 .0466 .0325 .0213 .00
2.6667 —— | el N Yal _—
2.8889 L0267 .05%0 o811 .0335 .0219 .01kl
3.0000 .0269 — .0486 ———
3.3333 L0277 L0561 .0500 .0348 .0227 .014%9
3.6667T | e -0357
5.7778 .0286 .0380 -O3L7 10360 .0235 -OL5%
hoooo | e .0366 .0239 ——
Ean ——— .0592 —— ———
4. opo2 .0293 -0556 .0532 L0371 .o2h2 .0158
4.3333 .0295 .0600 .0 .037h L0244 .0159
. k6667 0300 .0610 . L0381 .02h9 .0162
5.0000 -0303 .0619 .0555 .0388 .0253 -0165
5.1111 .0305 .0622 .0558 .0390 .0255 .0166
5.6667 0310 L0634 05T .0h00 .0262 LOLTL
6.0000 | @ —emmee | mmeeo L0577 .0h06
6.1111 L0314 ———
6.3333 .0315 .06h6 0584 .01 .0269 .OLT6
6.6667 L0317 —_—
7.0000 .0319 L0656 L0594 .oh20 .0276 L0181
7.6667 .0322 .0663 .0602 .oka7 .0282 .0185
8.0000 ——— .0666 .0606 ——
8.3333 .032% ——
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TABLE IT.- SIUEWASH DUE TO A RECTANGULAR HORSESHOE VURTEX - Continued
-F(x',y',z')
xl
y'=1 y' =3 y' =5 I y' =7 —‘ y' =9 y' =11
- z' = 6.0000
8.6667 0.0325 0.0671 0.0612 0.0436 0.0289 0.0190
9.0000 - ——— o838 | et .a192
9.6667 .0328 ————
30.0000 .0328 .0678 .0621 .O4k5 .0296 L0196
11..0000 ——— —- L0626 —— 0300 | —emmee
11.3333 .0330 .0683 0627 L0451 .0301 .0200
12.0000 .0330 e
12.6667 .033L .0685 0631 .0lis55 L0305 .0204
13.0000 ———— .0686 ——— 0436
14.0000 .0332 .0687 .063h L0458 .0%08 .0206
15.0000 .0332 —_— .0635 SV v A
15.3335 .0332 -0689 .0636 .0l60 -0310 .0208
17.0000 ——— .0690 ———— ——
19.0000 .0333 —
2' = 7.0000
-15.8889 SRR B R B T — 0.0008
88333 | aeee | e | e | e ) eeea — 0009
-13.8889 —— 0.0011 e
-12.8333 — .0013 ~m———
-11.8889 — ORISR
-11..6657 e e e S
-10.8333 ————— .0019
-9.8889 ———— —— 0.0021 ——
-9.6667 ———— ————
-8.8333 ——— ——— .0028 ———
-7.8889 ——— 0.0026 USRS [ R e
-7.6667 ——— 0080 | e ———
-6.8333 —— .0036 —- ——— IRV [
-5.8889 0.0019 DRI [ .
-5.6667 ———— .0065 e ———— ——
-%.8333 0027 | ——= | e e} e | e
-3.6667 — . .0096 el ————— [ emmea-
-2.1111 e T A e N .0082
-1.6667 .00T2 ——— SRR T——
-1.1667 ———— ———- ———— .0093
-1 ———— ———— o117 B [
8333 —— ———— 0166 | ameeee
1.4, .01k0 .0311 .0316 .0248 .0178 .0125
1.6667 .01hk L0321 .0325 .0255 .0182 .0128
1.8889 .0148 .0330 L0334 L0261 .0186 .0130
2.1111 .0153 .0339 0342 0267 .01590 L0133
2.1667 L0154 .03l L0345 L0269 .0191. L0133
2.3333 .0157 .0348 L0351 0273 .019h L0135
2.5000 .0159 L0354 L0357 .0278 .0197 L0137
2.55%6 .0160 .0356 .0359 .0279 .0198 .0138
2.8333 .0165 .0366 .0369 .0286 .020% oLk
3.1667 Kok (0] L0377 .0380 .0295 .0209 .01h5
3.5000 JOLTh .0387 .0390 0303 .0214 .0Lh8
3.6667 N [ o 7-2 1 RN T—
3.8333 L0179 .0397 .0%00 .0310 .0219 L0151
3.8889 —— ——- .oho1 VR (R [—
%.3333 .0184 .0h10 .0k13 .0321 .0226 0156
4.8333 ——— — o5 | e | e ——
5.0000 .0190 .okl .0428 .0333 .0235 L0162
5.6667 .0195 0436 .ol .0 .02L3 .0168
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x'

'F(x':)":z')

yt=3 y'=5 i y' =7 L

z' = 7.0000

5.8889
6.3333
6.8333
7.0000
7.6667

7.8889
8.8333
9.6667
9.8889
10.8333

11.6667
11..8889
12.8333 -
13.6667
13.8889

1%.8333
15.6667
15.8889
16.8333
17.6667

17.8889
'18.8333
19.6667
19.8889
20.8333

21.6667
23.6667

0.0439 ———-
.0kh5 0.0452
L0451 ———

0.0173

ok

2! = 7.3333

-16.6296
-15.7778
-1%.6296
-13.7778
-13.2222

L0057 e

0.0010
.0011

-0097

.0118
.0119
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'F(x'}y':z')
x' .
¥y =1 y'=3 J y' =5 T y' =T Ey'=9 J y'=1
z' = 7.3333
1.2593 0.0118 0.0269 0.0283 0.0230 .0169 0.0121
1.2963 ——— .0231
1.407h .0120 .0275 .0289 0234 L0172 .0123
1.h4kL .0121 .0276 .0290 L0235 L0173 .0123
1.5556 .0123 .0280 . .0238 o1kl L0125
1.6667 .0125 .0285 .0298 .02 o177 .0126
1.7037 .0125 .0286 .0300 0242 01T L0126
1.7778 .02k
1.8889 .0128 .0293 .0%06 0247 .0181 .0129
2.1111 .0132 0300 031k .025% .0185 L0131
2.3333 L0135 .0308 .0322 .0259 .0189 L0134
2.5556 L0139 0315 .0329 0264 .0192 L0136
2.8889 .01k3 .0326 .0339 C L0272 .0198 .01k0
3.20222 ——— .0280
3.2963 ——— —— .0352 ————
3.3333 .01%9 .0339 .035% .0283 .0205 L01hL
3. 7718 .015h .0350 .0365 .0292 .0212 0149
L 2002 L0159 .036L 0376 .030L o218 L0153
4.6667 .0162 .0370 .0386 .0309 022k L0157
5.1111 .0166 .0378 .0395 L0317 .0229 L0161
§.2222 ——— ——— 0397 | mmmeem
5.2963 ——— .0381 ——— ]| e
5.7718 ———— .0389 ——— ———
T.2222 ——- .0kos5 ——— ——
7.2963 L0L7T —————n
7-7718 K e e B
9.2202 .0182 e
z' a 7.5000

-1.8750 - ——— ——— ——- 0.0084
-1.3889 ——— e .0089
~.3333 —— ——— | e, .0102

L6111 ——- —— 0.0155 | —emee-
1.hhhy 0.0113 0.0261 0.0278 0.0229 .0170 .0123
1.6667 Y o.ons .0268 .0286 L0235 LOLTh .0125
1.8889 .0120 .0276 .0293 .0240 .0178 .0128
2.1111 .0123 .0283 .0301 .0246 0182 L0130
2.1667 L0124 .0285 .0303 o247 .0183 L0131
2.3333 L0126 .0290 .0308 L0251 .0185 .013%
2.5000 .0129 .0296 L0313 .0256 .0188 L0134
2.5556 .0129 0297 0315 0257 .0189 -0135
2.6111 —— .0259 .
2.8333 .0133 .0305 .0323 .0263 .019% .0138
3.1667 L0137 0315 .0333 .027L .0199 .01h2
3.5000 .01k1 .0323 .0342 .0278 .020% L0145
5.6667 ——— .0282
3.8333 .01kk L0351 .0350 .0285 .0209 .0148
4.3333 .01k9 L0342 L0362 0294 .0216 .0153
h.6111 c——- — 0368 | —eene
%.8333 —— ———— L0222 ————
5.0000 .015h <0335 .0376 .0306 L0224 0159
5.6667 .0158 .0365 .0388 .0316 L0232 .0164
6.3333 0162 037k .0398 .0325 .0239 .Q169
6.6111 — 03T —— | e B
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TABLE II.- SIDEWASH DUE TO A RECTANGULAR HORSESHOE VORIEX ~ Continued

-F(x',y',2')
x' .
y'=1 Ly'-B | y' =5 y'=a7 y'=9 y'=1
2! a T.5000
6.8333 | meeeem | meeeem | —meeee 0.0331
7.0000 0.0165 0.038L 0.0406 .0333 0.0245 0.017}4
T7.6667 L0167 .0386 .0l13 .0339 .0250 .0L78
8.6111 07725 HN (NGRS [
8.8333 - o N
9.6667 O1TL N T Tt S
10.6111 o3 | ememem | e [ e -
10.8333 | @ ~————- .0402 ——— e
11.6667 L0LTH [ I —— ———
12,6111 | eeeee- o6 | e | e
12.8333 0L | e ] e ————
13.6667 ————— o). o' R O o
14.6111 O3 | e
14.8333 .0L76 —— | e | e
15.6667 oy | e
16.6111 | eemeee | s | s 0373 ————— e
16.8333 | e—meme- .oh11 —— | e ———- ——-
17.666T | mememm } mmeeem ] —emeen LO3Th S T—
18.6111 RO S — 0285 | emeee-
18.8333 Lok
19.666T | memeem b e | e | e 0285 | -
20,6111 | eeeeem | mmmmee | e s —— .0207
20.8533 | e | e | - 0376 | e | memee-
2L.6667 | emeem | e} e .0208
22.8333 | meeeem | e | e ———— .0285 ———
24.8333 .0209
z' = 9.0000
S17.6667 |00 mmmeee | e | meeeee 0.0007
~16.5000 —— .0008
W15.6667 |0 mmeeem | mememe ] e ] mmmee 0.0009 | ——tmeo
-1%4.5000 ——— ——— .001L ———
136667 | ememee | meeemm | e 0.0011 | - ———
~13.0000 | cm—mem | mmemem | memeee .00LL
-12.5000 - .00k ————— ] e
-11.6667 0,001k | e | e ] e
-11..0000 S [ — .0020 ———
-10.5000 0018 | meeem | e ] e
-9.6667 | —eeee- 0.0015 — ————
29,0000 | @ e | memee | eemeee .0028 VNSNS [,
-8.5000 | @ —eeme- .0020 ———- ——
~7.6667 0.0009 JNNIRES Y it A E——
~7.0000 0039 | emmmem | e | e
-6.5000 .0012 SR (VR [ ORI — -
~5.0000 —— ook6 ————- ———
-%.0000 0020 | e e —
=333 | e | mememm ] s 0054
.5000 ——— .0102
1.4 .0065 .0160 .0191 L0176 .01 .0112
1.6667 .0066 L0165 .0166 .0181 L0147 L0114
1.8889 .0068 L0169 L0201 L0185 .015L .0116
2.1111 .00T0 L0173 .0206 .0189 .015% .0119
2.1667 .0070 .OLTh .0207 .0190 .0L5h .0119
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TARLE IT.- SIDEWASH DUE TO A RECTANGUIAR HORSESHOE VORTEX - Continued

—F(xlly'lz')
xl
¥ =1 v'=3 | y=5 v=1 | v=9 | y=n
z' 2 9.0000
2.3333 0.00TL 0.0LT7 0.0210 0.0193 0.0157 0.0121
2.5000 0073 .0180 .021h .0196 .0159 ..0122
2.5556 0073 .0L8L .0215 L0197 .0160 .012%
2.8333 .0075 .0186 .0220 .0201 .0163 .0126
e e e .0127
3.1667 .00TT L0191 .0227 L0207 .QL67 .0129
3.5000 .0079 .0196 .0233 .0212 L0172 L0132
3.6667 —— .0215 IR -
3.8533 .008L .0201 .0238 L0217 .0176 .0135
L. 3333 008k .0208 .02k6 .0224 L0181 .0139
%.5000 —- .0227 IS R ———
5.0000 .0087 .0216 .0256 .0233 .0188 .01
5.6667 .0090 .022% 0264 .02k .0195 oikg
6.3333 .0092 .0229 .0272 .0248 .0201 .0L53
6.5000 IR S I [N [
T7.0000 0094 L0234 .0278 .0255 .0206 .0158
T.6667 .0096 .0238 0284 .0260 L0211 .0L61
8.5000 ———— L0243 —— ——
9.0000 0203 | e | memeee | meema-
9.6667 .0099 —— OIS [V [N -
10.5000 .0100 — USSR (R [ ——
11.0000 ———— .0231L — | e ] e} e
11.6667 .010L ———— ——— ————
12,5000 .0102 — e ————
13.0000 .0102 ——— ——— -
13.6667 ——— 0236 S e e e
1%.5000 ——— 0257 —— | e e ] e
15.0000 .0103 —— ———— ———
15.6667 031 | e | e | e
16.5000 L0312 ————
17.0000 ———— 0259 ——
17.6667 —— .0292 ————
18.5000 —— .0292 ——
19.0000 .031h -
19.6667 —— ——— .02k2
20.5000 ——— o 0243 ] —eeeee
21.0000 ——— L0294 e | e
21.6667 e .0191
22.5000 ——— .0191
2%.0000 ——— —— L02kh ———
25,0000 | ————— | == | emema- .0192
z' = 10.0000
-17.2222 —— 0.0007
-15.8889 —— .0009
-15.3333 ———— .0010
-15.2222 ———- ———— 0.000 |  —a-eeee
-15.8889 ——- ———— .0012 ———
-13.3335 R B -0013 -0013
-13.2222 —— 0.0012 ——— ———
-11.8889 ——- . ——— | e
-11.3333 ———— LO0LT .0018 ————
0.0015 ———
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TABLE II.- SIDEWASH DUE TO A RECTANGULAR HORSESHOE VORTEX - Continued

“F(x' ’y')zl )
xl
y'=1 y' =3 y'=5 y'=1 y'=9 y'=1
z' = 10.0000
-9.8889 0.0019 —_
-9.666T | @ ememee | e | memeee 0.002%4
-9.3333 .0022 0.0025 —_—- ———
-9.2222 —_ 0.0015 |  ceeee- ———
~7.8889 m——— 0020 | - ——
R A e B ool oo B 0.0035 ——
-7.3333 ————— 0025 0033 |  emee— | mmmem | cmeeae
~T.2002 0.0009 ISUSOIURCHSR N U VA G S —
-5.8889 0012 | e ) e ———
~5.6667 —_——- L0051 ——— .00kh
-5.3333 .o01k .0036 ———— ———
-3.6667 0070 ——— L0067 —_—
-3.3333 No'o-2 A VNI (GRS I usstr e e [ p— -
TN A —— 0076 ——— 0100 | —eeeem —_—
3333 .0040 ——— 0132 J.
1.888%9 | 0 e ] e | e .0107
2.3333 | ==———- B R B —————
2.8889 L0054 .0138 L0173 .0168 .o1hy 016
3.2222 ——— .0118
3.3333 .0056 .0L43 0180 0L7h .01k9 .0119
3.77718 .0058 L0148 .0186 .0180 .0153 .0123
3.8889 —— | e .0154 ——
Y, 2222 .0060 L0153 L0191 .0185 .0158 .0126
4.333% .0060 .0154 .0192 .0186 .0159 .0127
4.6667 .006L L0157 .0196 .0190 .0162 .0130
5.0000 .0062 L0160 .0200 .01oh .0165 .0132
5.11311 .0063 .0161 .0201 L0195 .0166 .0133
5.2002 .Q167 —
5.3333 et .0168 -0134%
5.6667 006} .0165 .0207 .0200 L0LTL L0136
5.8889 — .0202 —— —_——-
6.333% .0066 .0170 023 .0206 L0176 .01k
7.0000 .0068 Kok .0218 .0212 .0180 Lokl
T.2222 | e | e | emeee .0213 = | mmmaa
7.3333 | | = | - 0214 -0183 —
T.6667 .0069 LOLTT .0223 .0216 .0185 .0148
7-6889 .o22l S
8.6667 .00TL .0182 .0229 .0222 .0190 .0153
9.2022 L0231 —_—
9.3333 .0232 0226 ———— ] e
9.6667 |  mmme—e | mmmeee [ emeee | e .01895 ——
9.8889 | 0 —mmeee .0186 F T [ rveervie RGP I
10.0000 L0072 .0186 0235 .0229 .0196 .0158
.22 | e 089 | e | e | e | e
11.3333 007k .0189 0239 .0234 .0201 .0162
11.6667 ———- 0235 | - .0163
11.8889 o o/ NN NSO (I [ETocniuvi Y [ v,
12.6667 .00Th .0192 o243 .0238 .0205 0166
13.2002 0075 | —mmeem | mmeeee | mmmeee | emmme ] meeee
13.3333 .0075 0195 | @ -—--- —————
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TABLE IT.- SIDEWASH DUE TO A RECTANGULAR HORSESHOE VORTEX - Continued
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-F(x',y',z')
xl
¥ =1 ¥ =3 l ¥ =5 1 y'=7J ¥ =9 y =11
' = 10.0000
13.6667 ——— ——-— 0.02k5 —— 0.0207 ——
14.0000 0.0075 0.0193 .02k5 0.0241 .0208 0.0168
15.3333 0075 .0195 L0247 L0243 .0210 LOLTL
15.666T | = - .0195 ——— 024> e | mmee
17.6667 .0076 — 02489 [ e —— ———
19.6667 —— .0197 ——— ————
21.6667 .0076 —_——— VT [
z' = 10.5000

1.3889 —— | e —— 0.0098
1. 4hkYy 0.00%0 0.0104% 0.0135 0.0135 0.0119 L0099
1.6667 .00%1 .0107 .0138 .0138 .0122 .010L
1.8889 .ook2 .0109 .01h1 .01k .012k .0102
2.1111 .00h3 o112 .o1hh .OLhl .0126 .0104
2.1667 .00k3 .0113 .0145 .01k .0127 .0105
2.3333 .00k Kok 0147 01k7 .0129 .0106
2.5000 .00k5 .0116 .01k9 .0149 L0131 L0107
2.5556 0045 L0117 .0150 .01k9 L0131 .0108
2.8333 0046 .0120 .0153 .0153 L0134 .0110
3.1667 O0kT .0123 .0158 .0157 L0137 .0113
3.3889 — ——— —— ———— .0139 ——
3.5000 .0049 0126 .0162 .0162 .0Llho .0115
3.8335% .0050 .0129 .0165 .016h LOL4h .0118
%.3333 .0051 L0133 .OLTL .0170 L0148 .0l21
5.0000 0054 L0139 0178 .0LT6 L0154 L0126
5-1667 ——— -m——- m—— .o127
5.3889 ——— ——— ——— .0180 ———— ———
5.6667 .0055 L0143 .018% .0182 .0159 .0130
6.3333 L0057 .0148 .0189 .0188 .0L6h L0134
T7.0000 .0058 0151 .019% .0193 .0168 .0138
7.1667 —— ——— ———— —— 069 ] e
7.3889 — ——— .0196 ———
T.6667 .0059 .Q154% .0158 .0197 0172 .01k
8.3333 .0202 ——
9.1667 ———— .0205 —— ——
9.3889 —— .Q161 — -
10.3333 ————— -Q163 —_— | e ] e e
11.1667 —_——- —— .0213 ————
11.3889 .0063 —— —— —————
12.33335 0064 ——— ——— —
13.1667 ——— .0168 ———— ——
13.3889 .0065 —_ ——— | mmeees ] memeee ] memae
1%.3333 -0065 ——— e B i B
15.1667 .0065 —— —— ————
15.3889 —— RulksR — ————
16.3333 ——— .01TL SRV OOV T [
17.1667 .0066 —— ——— ———
17.3889 o 7-7-, N G v I
18.3333 0224 ————
19.1667 ——- 0173 — —————
19.3889 ——- 0226 —— | e
20.3333 e -0227 e e
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TARLE IT.- SIDEWASH DUE TO A RECTANGULAR HORSESHOE VORTEX - Comtimed

-F(x',y',2')
xl
y'=1 1 y' =3 y' =5 J y'=17 l y'=9 ] y'=21
5’ = 10.5000
22,3333 —— —— 0.0203 |  ememee
23.1667 —— 0.0228
23.3889 ——— 0.0170
24,3333 —————— .0170
25,1667 — ——— .0204 ———
27.1667 - e .OLTL
z' = 11.0000
[T 2013137 S ORI (U 0.0006
-18.1667 —— 0007
~17. b —— ——— 0.0007 ———
~16.1667 —— —— .0008 ———
-15. 444 - —— 0.0008 ——— ——
-1%.3%3% ———— -0012
-14.1667 e .0010
~13. 4400 0.0009
-12.5333 .0015 ——
-12.1667 .0012 : ———
11 —— 0.0009 ———
-10.333% ——— .0020 ——— ————
1031667 |0 cemeee .0012 —— ———
-9. 0.0005 —— ——— ———
-8.3333 . .0025 ———
-8.1667 .0006 ———— ——— ———
-6.3333 ———— .0025 ———— ———
-4.3333 0014 ool ——
kR 10035 .0092 .0120 .012h L0112 .00k
1.6667 .0036 -009% .0123 .0126 .011h .0096
1.8889 .0036 0095 .0126 .0129 .0116 .0098
2,1111 L0037 .0098 .0128 L0131 .0118 .0099
2.1667 0037 .0098 .0129 L0132 .0119 L0100
2.3333 .0038 .0100 L0131 L0134 .0120 .010L
2.5000 .0039 .0101 L0133 .0136 .0122 .0102
2.5556 .0039 To.0102 L0134 .0136 .0122 .0103
2.8333 .0040 .010% L0137 .0139 .0125 .0105
3.1667 .0041L L0107 .01%0 043 .0128 .0107
ER:30.1 ——— —— .013L ———
3.5000 0042 .0110 No1))s 0146 .0L31 .0110
3.8333 0043 .0113 LQI4T .0150 0134 .0112
4,1667 —— —— .0137 ——
%.3333 004 o116 .0152 L0155 .0138 .0115
. 5.0000 -00%6 0121 .a158 L0161 L0143 -0119
5.4, —_——— L0164 -
5.6667 .0048 L0125 .0163 .0166 .0148 .01k
6.1667 ——— .0170
6.3333 .00kg .0129 .0168 Neskal .0153 .0127
7-0000 -0050 0132 Q175 Noik( 3 <0157 L0131
7.5440 Nl
T7.6667 .005L .0135 JOLTT .0180 .0161 013
3.166'51 .OL79 poye
o-hikh — | I :
10.1667 ——— L0143 —
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TABLE IT.- SIDEWASH DUE TO A RECTANGULIAR HORSESHEOE VORTEX - Comtinued

_F(xl’yl,zn)
xl
y' =1 y'=3 | y'=5 y'at y'=9 Ty'uu
z' = 11.0000
10.3333 —_—— —— 0.0188 U [ ——
131.hh4h 0.0055 B Y U T
12.1667 .0056 ISRV U G e
12.3333 —— 0047 | e | mmmm | e | e
13.4hlk .0056 B e S (ISR S
1h.1667 .0056 —— JEUSIE I
1%.33335 .0056 ——— R —
15. 444 ———- L0150 SOV R
16.1667 ——— .0151 PO
16.3333 0057 —— | e e ] meeee ————
17.540% —— —_——— .0200 N Dt [
18.1667 ————— _— o200 | - ———-— ——
18.3333 | e ) 17 R G [ o .
19. 5444 —_—— ——— ——— 0.0208 ——e | e
20.1667 ——— —— b e .0208 ————— —_——
20.3333 ———— ——— .0202 ——— e ——
21 hlihh ——- ——— 0.0190 |  —eeeee
22.1667 —— —— 0190 | e
22.3333 —— —— ———— .0209 —— ] e
23 4k, ———— SRRSO UV IO 0.0162
241667 ———- ESUURER UV it .0162
2l.3333 —— ———a 0191 | e
26.3333 — T T I P IR 0163
z' = 13.5000
1.4k 0.0018 0.0051 0.0072 0.0080 0.0079 0.0073
1.6667 .0019 .0052 .0073 .0082 0081 .007L
1.8889 .0019 .0053 .0075 .0083 .0082 L0075
21111 .0020 . .00T76 .0085 .0083 .0076
2.1667 .0020 . .0076 .0085 .008% .0076
2.3333 .0020 .0055 L0077 .0086 .0085 0077
2.5000 .0020 .0055 .0078 .0087 .0086 .0078
2.5556 .0020 .0056 .0079 .0088 .0086 .0079
3.1667 .002L .0038 .0082 .0092 .00%0 .0082
3.5000 .0022 .0060 L0084 0094 .0092 .0083
3.83%3 .0022 .0061 .0086 .0096 .009% .0085
L.1667 — — —— .0087
1.333% .0023 .0063 .0089 .0099 .00%6 .0087
5.0000 .002% 0065 .0092 .QL02 .0100 L0091
5.6667 .0025 .0068 .0095 .0106 .0103 .0094
6.16567 ——- ——— L0106 | —mmeee
6.3333 0025 .00T0 .0098 L0109 .0106 .0096
T7.0000 .0026 0072 .010L .0112 .0109 .0099
T7.5000 ———- [SUNERBIVESE (IR T uviu S, .0101
T.6667 .0027 0073 .0103 ..0115 .0112 .0101
8.1667 S S [ ——— ot | - | -
9.0000 ——— | e —_— 0119 | e ] e
9.5000 | @ —eeee- ————— NorhT: S S
10.1667 ——- ———— .0110 VN [
11.0000 | - ———— 0112 ————e e | mmeees
11.5%000 |00 - —— | e .0126 ————e | e
12.1667 —— .0081 SRS (-
13.0000 — 0082 | e | e b e | e -
13.5000 | emmmee | - Ko e B et
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TAELE IT.- SIDEWASH DUE TO A RECTANGULAR HORSESHOE VORTEX - Continued

‘F(x'yy')z')

xl
y'=1 y'=3 y'=5 y'eT7 y'=91 y =1
z' = 13.5000 :

15.5000 ————— 0.008% ———— ——

2! = 14,0000

-20.7778 — —_— — 0.0005

e m—— Y e = A = i Al i o e e
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TABLE IY.- SIDEWASH DUE TO A RECTANGULAR EORSESHOE VORTEX - Continued

NACA TN 3245

“F(x',y',z')
xl
y' =1 y'=3 ¥y =5 y' =7 [ y'=9 y' =11
z' = 14.0000
T7.6667 0.0024 0.0066 0.0093 0.0105 0.010% 0.0096
8.6667 .0025 - .0068 .0096 L0109 .0108 .0099
8.7TT18 ——— ———— 0ws8 | cmaeem
10.0000 .0025 .0070 .QLO0 .0l12 L0112 .0103
10.6667 e B e .0113 ——-
10.7778 ——— L0111k
11.3333 .0026 .0072 .aLo2 L0116 .0115 L0106
12,6667 .0027 .0073 .0105 .0118 .0118 .0109
12.7778 ———— ———— .0105 ————
k. .0027 00Tk .0106 .0120 .0120 L0111
1k.3333 —— ——— ] eeeee L0111
1h.6667 ———— —— .0107
1. 7778 ——— 0075 S
15.3333 .0027 .0075 .0108 .0122 .0122 L0113
.3335 ——— ——e 0185 | el
16.6667 —— .0076 ——— ] e
-TT78 .0028 ——— ]
18.3333 —_— .0125
18.6667 .0028 ———
20.3333 ——— ——— L0111 —_——
22.3333 —— .0078 —— ———
24,3333 0028 | emem | e ) e
z' = 16.5000
L.hhky 0.0010 0.0028 0.0042 0.0050 0.0053 0.0052
1.6667 .0010 .0029 .00k3 0031 L0054 .005%
1.8889 .0010 .0029 L0043 .0052 .0035 0054
2.1111 .0010 .0030 .00kh .0052 .0055 L0054
2.1667 .001L .0030 .00k .0053 .0056 .0035
2.3333 .001L .0030 .0045 .0053 .0056 .0055
2.5000 .0011 .0030 .00k5 L0054 L0057 .0056
2.5556 .0011 -0030 .00%5 .005% .0057 .0056
2.8533 .0011 .0031 .00k6 .0055 .0058 L0057
3.1667 .0011 .0032 L0047 L0056 0059 .0038
3.5000 .0012 0032 .ook8 0057 .0060 .0059
3.833% .0012 .0033 .00k9 .0058 .0062 .0060
5.3333 .0012 0034 .0050 .0060 .0063 £ 0062
5.0000 .0013 .0035 .0052 .0062 .0065 L0064
5.6667 .0013 .0036 .005h 006k L0067 .0066
6.3353 .0013 .0038 .0056 L0066 .0069 .0068
6.94hh —— ——— e .0069
7.0000 .001h .0039 L0057 .0068 .00TL .0069
T7-6667 L0014 .00k0 .0059 .0070 .00T3 L0071
8.9hkh ORI U (i, ——— .0076 Al
9.666T ——— -————— 0018 | eeeeee
9.8333 e B T m——— .0076
10.954% —— 0076 | e ] e
11.6667 ——— O0TT | e —
11.8%33 ———— e bl e 0082 | eeeee-
12.944% —— ———— 0067 | e b e ———
13.6667 ————- ———— 0067 | —meeem —— ——
Eﬁ}ﬁ ———— .0080 ——— e
15,266 — ~0046 R — N Ip—
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TABLE IT.- SIDEWASH DUE TO A RECTANGULAR HORSESHOE VORTEX - Continued

_F(xl’yl,zl)
xl
y'=1 y'=3 y'=5 y'=T y'=9 y'=11
z' = 16.5000
15.8333 0.0069 |  —cmmeme | e | e
16,944, 0.0017 | —memem ——t o
17.6667 0017 | e SUUEPEUUUEUUO S U O ——
17.8333 | 0 eeeme- 0.0047 | s | e | e ] e
18.944% oo & R IS I I I R
19.6667 [N'ox iy AN SRS (PO UY OO e
19.8333 .00L7 ——— ———— e
20.984 | 00 e [o%o):7: A OO GO (e o
21.6667T | 0 e .0048 —— ———
21..8333 .00L7 —— SOOI S [ ——
22,9444 0072 | emeeee | e | e
23.6667 0072 | e | e | mmeeea
23.8333 —— L0049 ———— c———— | e ————
25,9333 | emeem | mmmee ] e 0.0087 | —m-—m- —————
25.6667 | @ - | e [ e .0087 SRS ("
25.8333 -0073 ———
26.90% | cmmeme | e | el | e 0.0093 ————
27,6667 | cemee | emeeee | e | e .0093 ————
083555 R I e e .0088 ——— ———
PoLs B oTT3.T A VU I — ———— ——— 0.0092
29,6667 ————— .0092
29,8333 | memeem | e | e | e .0093 m————
31.83%3 ———— .0092
! = 18.0000
24,3335 | ceeeem | mmemme | meemee 0.0003
-22.3333 ——- ——- 0.000% |  cmmeet
22,0000 | 0 e | e | e 000k
-20.3333 ———— 0.000k | —mmee- ———
20,0000 | 0 —eemem | mmeeee ] e ] e L0005 | emmme-
-18.3333 0.000k ———
218.0000 | 00 ememem | memeee | emeee- 0005 | —emmem | e
-16.3333 ——- 0.0003 ——— ————
~16.0000 .0005 e
-15.0000 ———— 0009
-14.3333 0.000L | ameee- ———— ———
-1%.0000 ——— 000k FENSENOUEE [ [ CSU R [,
13,0000 |00 meme—e ] e | e ——— .001L e
-12.0000 .0002 ————— ———— S
-11..0000 ———— L0012 — ————
-9.0000 L0012 ——
~7.0000 | e 0009 | mmmeee | e ] meeee b el
~5.0000 0008 | e ] e ————
2.8889 .0008 .00k .0036 .00k .0048 .0048
3.3333 .0009 .0025 .0037 L0045 .00hg .0049
3.77T78 .0009 L0025 .0038 .00%6 .0050 .0050
4, 2002 .0009 .0026 .0039 .0048 .0051 .0052
k.3333 .0009 .0026 .0039 L0048 .0052 L0052
4.6667 .0009 .0040 0049 .005% .0053
5.,0000 .0009 0027 .00k1 .00k9 0053 .008h
5.1111 .0010 .0027 .00kL .0050 .0054 0054
5.6667 .0010 .0028 .00k2 .005L .0055 .0055
6.3333 .0010 .0029 L0043 .0052 .0057 .0057
7.0000 .0010 .0029 .00k L0054 .0058 L0058
7.6667 .0011 .0030 L0045 .0055 .0060 .0060
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TABLE YT.- STDEWASH DUE TO A RECTANGUTAR HORSESHOE VORTEX - Continued

NACA TN 3245

'F(x")"yzl)
xl
¥ =1 v=3 | y=5 | y=7 | ya9 | yan
z' = 18.0000

8.6667 0.001L 0.003L 0.00%7 0.0057 0.0062 0.0062
10.0000 .001L .0032 .00k9 .0059 .0064 .006Y
10.3333 ———— ———— -0065
11.3333 .0012 .0033 .0050 L0061 .0066 .0066
12.0000 B e s T I IS [ — L0067
123333 | - ———- 0067 ———
12.6667 .0012 L0034 .0052 .0063 .0068 0068
1%.0000 L0012 0035 .0053 .006L - L0070 .0070

14.3333 ———-- ————ne e .0065
15.3333 .0012 .0036 .0054 L0065 .00TL .00TL
16.0000 ——— —— —~———— .0066 —— ———
16.3333 — —— 005k ——-- ————— —————
17.0000 —— ——— ———— 007>
18.0000 ——— ——— 0055 | e O [
18.3333 ————- N S B e = B
19.0000 —— ] e .00T4 ——
20.0000 ——— 0037 | e | e | e | emmees
20.3333 -0013 ——— e B
£21.0000 ——— —— —— 0069 | emmmee | emeeee
22,0000 .0013 ——— —— ———
23.0000 . IO e — N7 (R —— SRR
25.0000 ——— .0038 ——— | e
27.0000 .0013 —— SUSENREPEE

' 2! = 22,0000

-27.8889 —— ———— 0.0002
-25.8889 —— 0.0002 | c—meme
-25.3333 ————— -0003
-23.8889 | e | e ] e 0.0002 —— ———
~25.3353 et B 0003 | -
-21..8889 ——— e 0.0002 [EENSUREE R e ——
-21.3333 ————— ———— ] e .0003 ———— | meeeee
-19.8889 | - 0.0002 ———- ——— SN [ —
-19.3333 i -0003 ——————
-17.8889 0.000L ——— PRSP IR I -
t 176667 | - i .0006
[ -17.3333 ————- .0002 - -
-15.6667 —— ——— ] e ————m 0006 | eemee-
-15.3333 000L e B e T (RPN, (RSO R S
-13.6667 ————— —- ——— .0007 VU VU
-11.6667 ——— ——— 0006 | eeeeen el el
19.6667 ——— .0005 —_ ———
-T.6667 0002 e —— ——
2.8889 000k .0013 .0020 .0026 .0029 L0031
3.3333 .0005 L0023 .0021L .0026 .0030 L0032
3.77T18 .0005 -00Lh .0021 .0027 L0031 .0032
h.2222 .0005 .00Lk .0022 .0028 .003L .0033
k. 33353 .0005 .001h .0022 .0028 .003L 0033
4:6667 .0005 001k .0022 .0028 .0032 L0034
5.0000 .0005 .001h .0022 .0028 .0032 003k
5.1111 .0005 .00Lk .0022 .0029 0032 003k
5.6667 .0005 L0015 .0023 .0029 L0033 .0035
6.3333 .0005 0015 .0o24 .0030 .0034 L0036
7.0000 .0005 .0016 .002h 0031 .0035 0037
T.6667 L0006 .0016 .0025 .0032 .0036 0038
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TABIEI[.—SDJEIASEIDETOARECIANGUIAR’EORSESEDEVORM-COncluded

F(x vz
x! -
y' =2 J y' =3 Ty'-5 y'=T y'=9 yt=11
z' = 22,0000
8.6667 0.0006 0.0017 0.0026 0.0033 0.0037 0.0039
10.0000 .0006 L0017 .0027 .003k% .0038 .00h1L
11.3333 .0006 . .0028 .0035 .00k0 .00k2
12.6667 .0006 0018 .0028 .0036 L0041 .00h3
. e e B -00kh
1%.0000 .0006 .0019 .0029 0037 .00h2 .00k
15.3333 .0007 .0019 .0030 0038 L0043 .05
15.8889 | ceeem | e | e | e 0083 | e
17.3333 e B B .00k ——
17.8889 ——— .0039
19.3333 ———— .00k0
19.6667 e B R i ——— .0048
19.8889 SUUNSIRPEE (. .0031 ———
21.3333 | @ meeme= | == - L0032 | e
21.6667 ——— ] e e s 0046 ———
21.888 | - 0020 [ —emmee —-
23.3333 ——— 0021 | memeem | memeee
235.6667 | @ ———me- .00kL
23,8889 0007 b e e ] e
25.3333 L0007 | e | e | e
25,6667 | @ cemmm ] eemee 0032 | e
27.6667 ——— .002L —- ———
29.6667 0007 )} e ] e ] meeee
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Figure 1l.- System of axes used.
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Figure 2.- Representation of tail surfaces by finite-step horseshoe vortices.
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Figure 5.- Continued.
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Flgure 5.~ Concluded.
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isolated horizontal tails. I = 0.
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Figure 13.- Calculated span loadings due to steady roll for h5° swept-
back isolated horizontal tails. I' = O.
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Figure 19.- Effect of horlzontal-tail position and aspect ratio on the
calculated vertical-tall contribution to CZB of various 45° swept-

back tail assemblies. I = O.

Ay
/
————— 2
—_—3
2 iR H{ e ! LT ’ =Tl M, R0
=0 T, pA NS '
Pld s i T
] - = ! X i Hel 1 il
B TIT q !Tl Fug ] § B
% . ! Fer = R Rk UIE:
i i JHIEEH 1 R G
iR T TN
4 A HNiE l: T IR
i g ’_“_ it 2 F'_
KCZﬂZ T BBk "t .’;1[‘4;
[¢] D : - LT i _rL'T‘ K
= = T% '.: s
! ER A P ReE 5, T
- f S BN
L SR AR
R 5 LA
17} / 2 3 (7] / 2 3 [7} / 2 3
An/Ay ‘ A/ Ay Ap/ Ay
(a) Horzonta! tod in (D) Horzontal torl i (¢) Horrzontal ford in
low position md postiion lugh position

Flgure 20.- Effect of horizontal-tail position and aspect ratio on the
calculated horizontal-teil contribution to ClB of various 45° swept-

back tail assemblies. I = O.




————— 2
— =3
o
-f i !
: i :
3 i
2 o i
-8 : i
9 d it =
'5 H it En S 2iaisiiyd i B
-2 EE( IP‘E i 2 £ =
Srelhs b U 5 E EEES]
= 2
406 a"_ e T HIE
E e o o bres B _§
= ; EEESE e p o R R
e 5 == HiethE R e o
-2.0 BE EEr
o4 E a = EE
o / 2 3 o / 2 3 o / 2 J
An/Ay An/Av Ap/ Ay
(a) Horrordal todd (b) Horrzontal forl m fc) Horrzonial kel 1n
low posriron mud pasition hgh positon

Flgure 21.- Effect of horizontal-tall position end espect ratio on the
calculsted values of CzB for various 45° sweptback teil assemblies.

P=Oc

Ch2¢ ML VOVN



ALl S
!
R =
—_—3 Wl
3 r n_'_l
)
é
2 : : s
E' 5 i i H : EEHE i
/ hmEe e
e e 3 u
& HEEE i
ﬁ 0 g ! H L H
-r’ ("4 :E ,E H
burwalay E 2 =T H it
-f i i
= I)E E
” T peswnnl o nnay 5 :
-‘ E = T
: : i
_3 s i ¥ i HEH
o / 2 3 o / 2 3 o / 2 3
Ap/Ay Ap/ Ay Ap/ Ay
(o) Horiroral tod m (b) Horzontal taid m {c) Horrzonial tait 1n
low positson mid position vl positon

Figure 22.- Effect of horlzontel-teil position and aspect ratio on the
calculated vertical-tail contribubtion to Cya due to horizontal-taill

dibedral angle for various unswept tell assemblies.

16



Ay
/
————— 2
—_— -3
o "
-4
[
()
\ 77}, ~?
-1z
-16 - ' :
o / 2 3 o / 2 3 o / 2
An/ Ay An/Ay Ap/Ay
fa) Horizontal taid in (b) Horizontal tod m {c) Horizromlal toil in
low position mid postion Igh position

Figure 25.- Effect of horizontal-tall position and aspect ratio on the
calculated borizontal-tall contribution to GYB due to horizontel-

tail dihedral angle for various unswept tall assemblies.

ChE¢e NL VOVH



|
<
CH2C N VOVH

/
————— 2
—-3
2 E S i i
c / JJHT T 2 ; :
% -
r : ST e : ;
o “ = e T
-/ T T e T T : T H S e e
o N 2 3 o / 2 3 0 / 2 K |
Ap/Ay Ap /Ay A /Ay
(a) Horizontal tov m (b) Horizontal tad mn (c) Horrzontal fod in
low position mid postion Ivgh posiiion

Figure 2k.- Effect of horizontal-tail position and aspect ratio orn the
calculated verticel-tail contribution to GYB due to horizontal-teil

dihedral angle for varicus 45° sweptback tail assemblies.

£6



—

Ay
/
————— 2
_— 3
O m 5
-
A
ﬁ’/} &
k!ﬁ h -8
) : H e :
z?£7 / 2 3 o / 2 J (4] / 2 3
fa) Horizomtal fail in (b) Horizontal taid m (c) Horizontal tod in
lfow positfion msd posilion hgh posifion

Figure 25.- Effect of horizeontal-tail posltion and aspect ratio on the
calculated horizontal-tail contribution to Cy, due to horizental-
F

tall dihedral angle for various 45° sweptback tail surfaces.
L}

16

Ghige NL VOVN



NACA TN 3245 5

Ap/Ay Ap/Ay Ap /Ay
(a) Horizontal tail m (b) Horizontal tail m (c) Horizantal fail 1n
low position mid positron high posrtion

Figure 26.~ Effect of horizontal-tail position and aspect ratio on the
calculated vertical-tall contribution to CIB due to horizontal-tail

dihedral angle for various wiswept tail assemblies.
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Figure 27.- Effect of horizontal-tail position and aspect ratio on the
calculated horizontal-tail contribution to CZB due to horizontal-

tail dihedral angle for variocus unswept tall assemblies.
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Figure 29.- Effect of horizontal-tail position and aspect ratiolon the
calculated vertical-tail contribution to CZB due to horizontal-tail

dihedral angle for various 45° sweptback tail assemblies.
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Figure 3k4.- Effect of horizontal-tail position and aspect ratio on the
calculated vertical-tail contribution to Czp for various unswept

tail assemblies. I = 0.
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Figure 35.-~ Effect of horizontal-tail position and aspect ratio on the
calculated horizontal-tall contribution to CZP for varlous unswept

tail assemblies. I' = 0.
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Figure 36.- Effect of horizontel-teil position and aspect ratlo on the
caleulated values of Clp for various unswept tall essemblies.
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Figure 37.- Effect of horizontal-tall poslition and aspect ratio on the
calculated vertical-tail contribution to C;

for various 45° swept-
back tail assemblies. T = O.
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Figure 38.- Effect of horizontal-tail position and aspect ratio on the
calculated horizontal-tail contribution to Clp for various 45° swept-
back tail assemblies. I' = 0.
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Figure 39.- Effect of horizontel-tail position and aspect ratio on the
calculeted values of Clp for various 45° sweptback tail assemblies.
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Figure 40.- Effect of horizontal-tail position and aspect ratio on the
calculated values of CLB for various unswept tall assemblies.
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Figure 41.- Effect of horizontal-tail position end aspect ratlo on the
calculated values of CLB for various 45° sweptback tail assemblies.
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Flgure 42.- Effect of horizontal-tell position and aspect ratioc on the
calculated values of CLB/P for various unswept tail assemblies.
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Figure 43.. Effect of horizontal-tail position and aspect ratio on the
celculeted values of Cr, /I for various 45° sweptback tall assemblies.
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Figure 44,- Effect of horizontal-taell position and aspect ratio on the
calculated values of CLP for various unewept tall assemblies. TI' = 0.
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Figure 45.- Effect of horizontal-tail position and aspect ratic on the
calculated values of CLP for various 45° sweptback tail assemblies.
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